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AT A TECHNICAL SESSION, SIXTY-ONE FARTICIFANTS FROM THE
FIELDS OF EDUCATION, INDUSTRY, GOVERNMENT, AND AGENCIES OF
THE BLIND DISCUSSED RECENT DEVELCOFMENTS IN THE FROCUCTION ANC
USE OF READING MACHINES WHICH FERMIT BLINC FERSONS GREATER
INDEFPENDENCE IN READING THE FRINTED FAGE. THEY ALSO EXFLORED
PROBLEMS INHERENT IN THESE EFFORTS AND FPROFOSEC SOLUTIONS.
THE BLIND CAN OBTAIN INFORMATION FROM THE PRINTED FAGE
THROUGH SUCH DEVICES AS HIGH-POWERED LENSES, BRAILLE,
RECORDINGS, ANE SIGHTED READERS. OTHER DEVELOFMENTS DISCUSSED
AT THIS SESSION WERE THE OFTICAL FROBE, THE OPTOFHONE,
COMPUTER-REFRODUCEEZ BRAILLE, SFELLED-SFEECH, RECOGNITICN
MACHINES, AND THE USE OF THE SERVICES OF THE TELEPHONC
NETWORK. THESE DEVICES ENABLE THE BLIND TO TYFE AND READ
THEIR OWN TYPING, TO IDENTIFY CURRENCY, TO READ
CORRESFONDENCE, TO ICENTIFY LABELS ON PACKAGED AND CANNED
GOODS, AND TO FERFORM OTHER TASKS WHICH REQUIRE REACING. A
LIST OF REFERENCES ON REACING MACHINES AND THZ BLIND IS
PROVIDED. THIS IS A SUMMARY OF THE SIXTH TECHNICAL SESSION ON
READING MACHINES FOR THE BLINC HELD BY THE VETERANS
ADMINISTRATION (WASHINGTON, JANUARY 27-28, 2966). (NS)
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- personalized instruction such as Mr. Lauer is now providing at Hines VA
‘Hospital. Thirty Visotoner and ten Visotactor B reading aids, with ac-

FORZWCRD

These notes, somewhat delayed in preparaticn and duplication by the
dennands on cur time of more urgent projects, constitute tha most
detailed public record of the proceedings of the Sixth Technical
Session cn Reading Machines fcr the Blind. & very briel summary
of the same materials may be found in:

Ereiberger; H., and Z, F. Murphy, ‘Reading Machines
for the Blind,” Science, Vol. 152, No. 3722, pp.
679-639, April 2¢, 1695,

A more extensive summary article on the conference will be found in: .

Freiberger, H., "The Sixth Technical Conference
on Reading Machines for the Blind," Bulletin of
Prosthetics Resesarch, BPR 10-5, Sprina 1666,
Department of Medlclne and Surgery, Veterans
Adninistration, pp. 0-24, Cctober 1566 jAvaiIe
able while the supply lasts from Superintendent
of Docusents, U. S. Govermaent Printing Uffice,
Washington, D.C. 20402, cost 65 cents,/

HOWARD FREIBERGER
New York, N.Y. 10001
" February 26, 1963

Since the Sixth Conference several steps have been taken by various in-.
dividuals, agencies, and sponsors. St. Dunstan's, the organization for
British war~blinded, held a week-long International Conference on Sensory
Devices for the Blind in June 1566; proceedings were published., The Sub-
comnittee on Sensory Aids, National Research Council, he.d a symposium
March 30-31, 1967; a report, now in draft form, probably soon will be
issued in the Numbered Report Series. Hadley School for the Blind is
developing s tape-recorded home-study course as an introduction to the
Mauch Visotoner, primarily to help select candidates best suited to

cessories, have been ordered. Considerable activity at many centers on
mechanization of braille production was reviewed at a conference at
American Printing House for the Blind, Louisville, Kentucky, Feb. 3=9,
1968.

NE F. MURPHY, Ph.D.
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Alfred Korb
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The Jewish Guild for the Blind
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(Address 2) St. Louis, Missouri 63110
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(Braille and Tactual Aids) Brother C. A, Welsh, Ph.D.
(Address 2) Electrical Engineering Dept.
Manhattan College
I. Rotkin, Chief New York, N.Y. 10071
Systems Analysis Office (0022)
Harry Diamond Laboratories Prof. Dr. ﬁelmut K. E. Werner
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Ralph W. Ryan, M.D. University of Munster
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Oliver G. Selfridge
(Address 10) Benjamin W. White, Ph.D.
Box 73
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David H. Shepard, President Veterans Administration Central Office
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Robert B. Sleight, Ph.D., President Richard W. Woodcock, Ed.D.
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(Address 1): Central Rehabilitation Section for
Visually Impaired and Blinded Veterans
Veterans Administration Hospital
Hines, Ill. 60141

(Address 2): American Foundation for the Blind
15 West 16 Street
New York, N.Y. 10011

(Address 3): Catholic Guild for All the Blind
770 Centre Street
Newton, Mass. 02153

(Address 4): Haskins Laboratories
305 East 43 Street
New York, N.Y. 10017

(Address 5): Research and Development Division
Prosthetic and Sensory Aids Service
Veterans Administration
252 Seventh Avenue
New York, N.Y. 10001
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Veterans Administration Central Office
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(Address 7): Cognitronics Corporation
549 Pleasantville Road
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(Address 8): Metfessel Laboratories
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THE SIXTH TECHNICAL SESSION ON
READING MACHINES FCR THE BLIND

e Waslington, D.C. =~ SR
o ma e ,January 27-23, 1966 - M
. G ML, INTRODUGTION AND HISTORICAL I~ = " <

Even though much of the nation was bogged ‘deww With heavy snowstorms, 61 =
persons attended the Sixth Technical Session on Reading Machines for the
Blind held January 27-28; 1966 id Conferdnce Room 119 at the Veterans

Administration (VA) Central Office, Vermont Avenue at “H" Street, N,W. o
Washington, D.C. 20420, ‘It is ‘estimated the attendance was down about 30% -

as a result of the storms. Tabulating-the current ‘affiliations of the =
participants:shows- that 17 werd® from':the'world of educatich, 15 from industty,
14 from agencies' for the blind, 13 ffbﬁ*govéfnment_(VA-7!PNIH-Z, VRA-1, LC-1, .
USN-1, NBS-1), one'from' NASYNRC, and“one a private practicing ophthalmologist,
Frofessor Thomas A Betham of:’the Department of Engineering at Haverford -~

College, Haverford,-P&., served-as chairman as'he has done 80 tiany: times
before at’earlier conferences’ it the series.’ The' six VA-arranged conféreficés |
on reading machines held to date ate: " " tc Yoo i S e
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*Note that more were expected, but some could not attend because of the
snow gtorms.

)

P T R S R R T L AT A e e e

A



E"
E.
¢
1

<) P e T .

Although there is a gap of ovar seven years betueen the fifth and sixth
conferences, certain other meetings arranged under different auspices were
held in that period and have served gsome of -the same information-exchange
purposes. Among these are the Human Factors Society Sensory Extensions
Symposium, Cambridge, Mass., Sep. 12, 1960, the ONR-NBS Symposium on
Optical Character Recognition, Washington, D.,C«, Jan. 15-17, 1962 (1),

the International Congress on Technology and Blindness, New York, June
13=22, 1962 (2), and the ONR-AO Symposium on Optical Processing of In-
formationﬂ Washington, D.G., Oct. 2324, 1962 (3)e. - -

-~

7 fip. opNING REVARKS AWD VELCQE . - .

Dr. Evgene ?;.Mnrﬁhiﬁpéllgdlthérgr@up tp,pgﬂé::at;S:ZO Aneﬁaﬁuqry 27, 1966,
welcomeu those assembled, and noted particularly the presence of Drs. - .. ;-
Werner and Nye who came through the snows from Germany and California - . -.: .-

respectively. Dr. Robert E, §tewart,\rep:gsepting,theSChief,Mzdicpl,,~ .
Director of the VA formally welcomed the participants and then turned .°.
the meeting over to the, chairman, Professor Thomas A, Benham,. He, im - . - .
turn, hpigf;y[bﬁplinad reading-machine history. of the past: 20 years-men=. ..~
tioning. the RCA A=2 device.(4), -the RCA recognition machine. (5), &and.the -

fact that many other more recent developments would be covered . in the .. - e

talks to follow, He referred to the school of thought which proposes that
independent reading of a printed page by;a blind person even: st a speed of .. ..

-

one word per minute is better than none at all. This relates to the value
of being able to read a few words without assistance, perhaps to identify

a document, to be alerted to the general.contents of an:envelope or book,

or to scan items mogt people like to-keep, confidential, e.g.,financial
statements, et et g g wpo

: . fea . 3
T4 v L ™

Dr, Murphy indicated thatnmihﬁtpbhongarlierLconferences'1n this series have

been preparad, and that this Sixth Session will be similarly documented.
" 1v, 'SINGLE CHANNEL DEVICES
Mr. Leo M. Levens spoke on’ the "Optical Probe With Audible Output." He
first quoted from Mr. A « Wexler (6) of Malbournme, Australia,.a distinguished
teacher of science to blind students: "By means of photo-electric cells
coupled electrically to sound-emitting apparatus or to vibrators, a great
variety of phenomena normally observed by sight can be made perceptually

accessible to the blind or if need be to the deaf blind."

Mr. Levens then went on to say one of the instructors first to make use of
this principle was Dr. E. J, Waterhouse of Perkins School for the Blind.

He used a photoelectric cell and buzzer in 1938 to enable his blind students
to determine the altitude of the sun,

B




While the optical probe is not a .new device,, few pegple seem to know very -
much about, it. This, is evidenced by 'the, fagt. that..it ds ré-ifnvented. Mg;.J;
periodicaliy. The probe seems to be a logical cémbination of a get of .
elements. It appears to fill a need. When it "sees" light, it emits
sound., G - - : Sl e 'ma,n R At

The optical probe has been conceived independently by a number of in-iﬁ}d:
ventors. Designers, in most cages not cognizent of earlier work . inuthis
field, devised instruments very similar ‘to others already known. b

A set of devices recently develuped and constructed by a Princeton physics 5
professor for use by his blind students is remarkably similar,to. devices
in use .in .Russia and Australia and .to.those developed at the American .
Foundation for the Blind.. The professor negretted that he wasgpnable to.
draw on,experiences of others ‘but had .to repeat their experimentsm. This
is one of the reasons detailed information on, prohes is, being presented ..
here. Mr. Levens then described the device in some,, of its forms, listed .
some of its capabilities, and demonstrated four forms of the optical probe.
; . Fag ST
The optical probe is a device “that reSponds to incident 1ight and produces,
an audible output signal., It usually takes a form similar to a penlight.
In its most basic configyration .it consists, of a8 light sensing.element, an
electronic audio frequency generator. coutrolled by..the light sensor and an
audible sound reproducer such as an earphone or Loudspesker. A, battery
usually supplies the required power. The device functions in this manmer.
The lens gathers .light and :focuses it on .the photocell which in turn.supplies
the necessary signal voltage to the electronics which controls the tone
generator and causes it to produce-as its-final output a:rvoltage:sufficient
to drive an earphone. Variatioms in, .the .amount of light incident:on.the
photocell result in varying pitches of the audible note in the eaxphone.
Light incident on the probe, may be from a direct source oy reflected. The
probe is basically very simple but:as ome blind person said, -after using
one of the probes for-a time: "The- information gained with -this.device is
rather small; however it is infinitely better than nothing at .all,. snd, ,
until now there _has been nothing on the market..es" ;0 . orr A
Specific optical probes have been constructed with additionsAandamodtfieae'-
tions to the basic design. These variants generally involve-differences :
in input devices, light sensors, electronic detectors, power supplies, or
output devices.;¢v R T v P . S

INPUT DEVICES 1nc1ude 1enses light transmitting fibers, rods, and tubes'“
illuminators; color-and polarizlng filters; ‘choppers; and orifices -or:- irises.i
These form the. probe -3 front end, 5¢:u = s L ; <ol

LIGHT SENSCRS include light-sensitive resistors, diodes, transistors, photo-
voltaic cells, light activated switches and other light sensitive electronic
components. The sensors are chosen for spectral response, electrical out-
put, size, reliability and ruggedness.




ELEGTRONIC DETECTORES include simple tone generators, variable frequency
oscillators or multivibrators, variable amplitude oscillators, bridges
and potentiometers. Wf B «

e . “ Y o iR e . i . IR PO

o v

POWER SUPPLIES - These are usually batteries, primary or rechargeable,
For fixed applications power lines are sometimes ‘used,

. . . - o .
Lt Cor . ’ S P ]
P

OUTPUT DEVICES are generalty earphones, miniature loudspeakers, or '“"1 uE
iSonalert" units (commercially a available ‘combined osc¢illator ‘and sound’ SR
reproducing means). ' ‘ | o | L
The sensing portion- of the probe mmy<be mechanically-mounted to "read" SRR R
a specific indicotion such as the mercury in a ‘thermometer o¥ the needle o
in a compass. The -probe may be mounted to scan a portion of a circle R
such ag a meter 6r gage scale. It iiay be mounted so ‘as to make @ linear '
scan possible, Reference points can be piovided in order to locate oo

accurately points of interest. _f-,~r' , _ o f S i?f

Some of the capabilities of the device, by no means an all inclusive

catalog, are as follows- '“~'~§‘- . S | : f"f”f'- 2o S
Astronomical meagurements’ of thé sun and'moon are* ffif”{ ‘ i

“*  possible when ‘the probe is’ suitably-mounted ‘aid pro- PenE mmAn
vided with a telescope front>end» T

A it PR A S O L TN SR ":.. : TS
e Blind typists can orient Ietterheads and find marg—ns.-- e "'fi 5?
A blind telephone switchboard operator can use- the,,ﬁ,. Lo
" probe’ to locate lightedilamps and - thus Operate the " e
‘board. : B b R ;.., i TR Domdecno o Lt
te - a ) / -"'3'3‘ i R P Y S SE SR E S TR
: chlors ‘can- be matched by ‘use of suitsble filters and- - v iz7 i
-.an’ aural: potentiometer output:-devi¢e such &s the '*%H*vj- 0 '
‘audio circuit aualyzer, Urinalysis is possible with ° 5o

this set-up. This is importantito.the blind diabetdec, 1

Numerous scientific: experiments -are: possible including msny associsted.with
the study of light snd Optics.'v'~ : » | -
Meters and gages as well as mercury thermometers and barometers mafﬁbe resd.lj
Compass directions may be determined. Horizontal level may be established.

Motion may be observed andﬁmensured.~=Rotational velocity'may be established i
by measuring the output frequency produced by & reflective strip ona“
rotating shaft._ L L L.

» s M . N .
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A radio repair technician wanteéd one ofithe dévices to ‘check pilot lights
and stereo indicators in radic sets.

N - - "o, s AP B P e #
Wi . T aeravedis T . E I SRR ¥ A R ' R 4 " R G Sa
im ] . S s amenss
Simple diagrams and oscilloscope patterms.ma ibe ‘traced, vt a0 i L wd LR
S SRR R DTS B S R L & S R U A £ 3 RO AR
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Mr. Levens.alluded:briefly to.tle esrlyiwork of Dr. Ci M. Witcheru(7) ‘ati
AFB and.MIT, whi¢h culminated in the ptoduction-for AFBin:1957 of 45 b
"Audivis" probes by Dunn Engineering Associates, Cambridgey Massacdhusetts, i
at a reported cost of $35 each. He also referred to the devices of Messrs.
A. Wexler (6), R, Su:Muratqv (8), and Su b, :Bellingef acdiDr. L. Bidwning (97,
N . ; .’,‘) _J,' e . ,....,~'rt

R LY ST PRV S SRR A PR - R

. : " SETLL R MSIE BRI B RS ARG 1 &
Mr. Levens demonstrated several optical probes including ‘one fitted to @ ¢
hand-held boy scout's compass. Professor Benham also showed a 3" x 3" x "
optical ;probe built :by Mri James Swail: 6£ the Radici-and: Electrical Evgineering
Divisiion, Nationak Research Council :0f Canada;: Ottawe, ‘Canada’, * Professor i#l»
Mann .mentioned- related MIT s tudents" -theses (10), (11), but iridicated “the =~

developments had never been-carriéd tlirough:to-a “thorough -user <trial phss@, <
: L " . . - LPTO sv BT e
i’“é. b, . ":“'i‘.};': 11:;.; -‘:;; '!g:.:.‘ ive ;:Q"'!' Caet B -;J;-L, B TRE N 1Y L BRI S 723 N MR ild 1

In addition to the optical probe devices witiritactile output mentioned: By i
Professor Mann, Howard Freiberger briefly described suggestions in this
ares attribuged o' Dra. Heinz H.. Kallmaun® (12) ‘and ‘Robert:J. Moons’ Thes * -
Kallmapn idea involved a photdeélectrieally: comtrolled tactildrgtimilatoyd
at -the end 'of mwvibrating reed, -this reed: itsel’ mountedorthogonallyfiol™
a second vibrating xeed. - As; the: unit .passed:.over;:black :on.a page- thetwo " o
reeds would. be: driven; electrically: to vibratej: causing -gheis timulator itip ++7 ¢
and-. photogensitive: exploratory- tip: to.describea shall: réctangle;, Sensed: *:
with the .finger .tips.vertical.vibration of:thel stimulator reed~as its swept:i. "
out 8 horizgntal. reectangle woudd: be..the #ndication wof black' on: the' pagebux .
belows: .Fhes rectangulaxr scan.area- is:about ‘the: equivalent of a- braille.cell !
in sizew. .. The wnits could;be used to render printed braille tangible,t ; »aavhs
Cmang s B L0 an e ma LN oO RN e IR RN S R A X
The Moon idea centemplated a. photosepsitive elepent earried af the.finger' "ul
tip by a glove or cuff arrangement, and & tactile Ypincher" or. stimulator::iuy
on the same finger tip. The power and electronics could be on the hand or
elsevhere, comnected: by, fine wireg,, If, the, finger sp equipped were:spanned:
over a pgs%,e.téqpélgﬁsigga};weg}iﬁkg_;esaivsﬁ.at,thef§canninsefiagex~tip 1.
Wheneve.f.,fj';ﬁ,zpa§sed;:=8¥.e:r*fblg‘?‘k{‘???u’f vt T ;:xu 3oeermer ol LN I Y SN
Bse e o emow bogier e e i leapdd otrhan 0 el RO
Mr. Hath?v’vay‘ said Dr. Moon 9,1-so:”§ktgges_t§g a: four~chammnel, probeswith: four; s
photocells in a linear array controlling fingerstip stimulators.om four:, ¢ -
adjacent fingers. Such a device could provide the illusion of drawing the
fingers ,over large, letters in relief, _Mr,.Mauch; pointed. gut:fhe similarity .

-
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between thig. concept..ang. that undgglying!hjl,’s Visotactor, . «j-vers -p vg# Ao

A mera UL Sd ot Loy BT Ta g STl ro b s tad TR
Professor Benham mgntioned another.pyobe bullt by Mr. Swail heving electrical.
stimulation as output. The intemsity. of.stimulacion is eontrolled: by .the; . .
user. Of 50 trial users some do not care for the unit, others have mixed
reactions to the type of stimulation. Professor Benham demonstrated the
device, gave imstructions as to its adjustment and use, and then passed it
among.those present for personal trial.
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vhen,  twenty .yeats later, in 1944, they took up the Optophone and anbstituted"

- V. DIRECT TRANSIATION MACHINES : e R
Dr. Murphy made brief introductory remarks prior to the playing of a tape
prepared by Miss lMary Jameson:of London, England, who was not present at -
the conference. Miss Jameson's topic was "The Optophone: Its Beginning
and Development.” ' In. the talk, reproduced below as submitted, excopt for
the addition of some references, Miss Jameson tells of her 48 years'iex- - ..
perience with the optophone: : I o AEEI

TRANSCRIPTION OF RECORDING MADE BY MISS M. JAMESON. January, 1966

This is Mary Jameson speaking from London about the Optophone, its be=-
ginning .and its development., - = . T - T

1 first met with the Optophone in 1917 when I was 13 years old. I lesrned -
what was then the Optophone Code on sn instrument built in the inventor's':.
laboratory. .This Optophone had dne selenium cell which received light re<
flected from the printed page being read. White paper emitted a full musical
chord; the reading was done by the tones blotted out by the black print as
the scanner: passed along the line, . : -~ . .~ . T :

4]

In a word, ding was -effected by what :one didn't hear.  This was not easy, -
and the frail construction of the instrument added to one's difficulties. '
The focussing arrangementy would slip out of place if anyone walked ‘heavily -
across. the room, . However, by August, 1918 I could manage & speed of about - -
a word a minute, sufficient to shew: that print rveading was possible, At
this moment, a most fortunate event occurred. : Admiral Sir Reginald Deighton
attended a: demonstration: given by me at King's College, London and he I
introduced the Optophone to Messrs. Barr and Stroud of Glasgow, vho agreed

to manufacture it (13). The Optophong when manufactured shawed a’ threefold -
advance; it was no longer. frail.to-handle; the .scanner was equipped with Co
an excellent driving mechanism; and & second selenium cell, & balancer,
had baen: sdded, so that the printed letter signals came from the black '
print aid not from the white paper., S R A

The British Optophone still uses the Barr end Stroud driving mechanism.
It provides a rhythmic: flow of ‘signals 'which can be varied in speed by
turning & screw. At the same time it can be held up by hand pressure if
one needs to study a signal in detail. If only the selenium célls had
been suited:to their purpose as this drive was, the Optophone would have -
been of immediate practicel use. - - T L

The volumez of sound given by these cells was uncomf.ortablyi low, and they
were apt to crackle after an hour or two's use, Yet the work on the:
balancer cell principle was not wasted, but was applied by St. Dunstan's

two photoelectric cells for"the two selenium cells. - B

. B . [
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The new cells gave really adequate volume of sound, and after micro-

phonic #nd focussing difficulties’ hdd beei ‘overcome), provided ‘a useful’ - ~"-
instrument, Ldter, in'the 1950%s MEL W, K, HIll becéme’ iiiterested In - o
the Optophond; " His work'dn ‘the ‘Ffocussing dtiangements has markedly': "= -~ '~
improved the definition'df the output and made it eagiér to ‘distinguish >
between shapes #s siimilar ‘as lower'tase 5! and th' and ‘"' dnd Met, L h o]

» . . . . I P
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"

There remained, and still remains a serious ‘drawback to the British-

optophone output: the signals are not heard against a silent background

as they’'aré in the Gdse’of the Battelle 'Instrument 617 RN
: T TRIC IR T LU S S . & SR R (4 ()

oty TS tusosy o , LR .. Ll
Having reached ‘the 1960's may I sum up ‘theposition ‘as-T ‘seé it, T ‘think-* " 7

a driving mechahism with *the attributes of .thé British ‘syétem -makes ‘for
ease drid-speed ‘of féading,” This ‘Siiould ‘also 'be said for &%¥llent back=" A
ground“‘-'t'd" “the Signar iy Tt e el e e Boera cinasling: L P LS i 2

3
0 . R
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It is possible that further study will shew that the British Optophone -
gives bettef definition than ‘thie Battelle ‘inn the ‘pregéntation of g Tt ¢ o
signalé, - "5e wlme Pl ama s atd o B Bhong omw o oemeIgal aFL DL Woed

i, f4
e

Regarding tracking, one of the Battelle probes was fitted into the British
scantdr §0'thati it could be ‘operdted with thé British drivé. This allows - -
a rhythiifc flow ‘along the ‘pr¥inted line;: maiitainediet & speed degired by"
the reader. A turn of a screw increases or decreases this speed. [T will
heard ‘th¥rie ‘tinés'‘ard ‘the'recording “is ‘m¥de direct ‘from the Bateélle "7~ *
Optophone,/ R R A S

Normally I’turi ‘the Scannef -d little faster than the rate at'vlih I ¢éan " -

pick up every detdil ‘of éach signal, zelying on hand pressure td'‘slow up ' "

my reading if necessaty. /I will néw LlYustrate thisg/ -7 -7 e
N O T Sl SO A A S R L APAE SN SRR R T
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Regarding definition, or the clear cut presentation of the signals, ‘I find = =

the British Optophone somewhat superior in this respect to the Battelle,

in spité of background noise. A& this s hidet evidert When létters follow.

each othér closely “in words; I will try 'to ‘{llustreté thé point by recording

the title, "The Man, ‘the Boy and the Donkey'f, from ‘the ‘Battelle lessonm ' - &

material, first-on the Battelle andtheri‘on the British Optophone, - - ¥
R SR AL T T T RSN TR S BRI 1 S I -
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Mr, HiFL ‘thinks ‘the'image reaching thé print from the ‘British Optophone
scanrer’ ’fjs ‘§1ightly’ narréwer ‘horizontally than that from the Battelle -
and this hias to d¢ With “this ‘sharpér outputfron ‘the British Optophodd, -\ -
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Coming now to the teaching of Optophope. reading, 1 prefer the hlg;,ter-wgrd;_
to the word-letter approsch.. The correspcndence between the shapes and . ..
sounds of the signals is such a powerful sid to the memory besides . |, .
stimulating immediate interest. For example, having told the student . ... .
that every vertical line produces & chord, he quickly grasps. that lower .. .

case 'm' having three vertical strokes has three chords; he will realise
for himgelf that 'n' must have two. D e o

. . . o SR ST L ! : U A P4 T L
1 have said I prefer the letter-word, method, and that is true basgicslly, -
but I would rather call it the 'letter and word" method because I would
gradually introduce words as the student progressed with the letters. = ..
I would start with two-lettez words, building up to words of about five RIS
letters. - In this way. I would construct.a bridge between separate .letters . ..
and instructional materials such as are found in the VA-Battelle 200=hour .. ..
training course. | : , '

Also, with modern smplifying equipnent I would mot think instruction on’ .
tape records necessary, but would take the output directly from the Optos. ..
phone, , L

This system would permit. varying reading mtcrialand epeed of presenntion ,'
according to ths. speed of the students and the interests of the .experimenter, .

In the past I haye had to move from an alphabet gheet, of sepaéate letq%u o
to & childs' primer having words of four, five and even six letters and I .
think the jump is too grest, . PR

I know that the word-letter method is used s,atisf.actqrilys.,for,.,geaclging S
students to resd with their eyes, but doesn't the situation differ .£rom .
that of aural readers? ‘The eye can take in at a glance a considerably -
greater range of characters than the ear, in fact the ear receives them

one by one, ... e T e 0w S IR RURRRR V)
Being. able to run the drive at's speed greater than that at which every .
deteil can be picked up: does help .to speed the reading, however, Concerning
the use of context, I .cannot feel that this should be deliberately taught. ..
It is often far easier to read the text than to guess at or think out what
is likely to be ahead. Also, it seems to me. that nothing should deflect us
readers from performing what is still the basic. task of helping the experts
to discover the clearest possible code and the best mauner of presenting it, .
Nevertheless, in practice one becomes familiar with.the style and vocabulary
being met with in the work being read and one can move quickly past names

and other words which have become familiar.
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I had hoped to include a sample demonstration,of the Battelle output using ...
the British scale, but it does not seem to suit the Battelle Optophone, .
the frequencies needed for,wavy letters such as 'v' and 'w' geem to be too

close. Where.these letters marrow.to a point a merging and roughening of "

the tones is caused.. Mr. Hill has. cured the trouble by spacing out. the .,

gix tones. Although this situation does.mot.allow me to attempt a fair

¥

comparison between the Battelle apd,;ﬁefnritisﬁ.scgiea,,I:thougyt;it migb§; “'

be useful to try comparing a six tone with a nine tone scale. For this,
I recorded the words 'winter' and ‘'snow' from Battelle, instruction tape .

recording No.. 15, then recorded -the same words direct from the Battelle

machine I have. .here. As.so often happens ip this kind of qork,.lvmet‘wiggi'
a snag; the general quality of the imstruction tape recording is much .

« fa M

clearer than from, the Battelle used by me.’

. . . . IR
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In this short survey I have tried to do three things. To .ipndicate the value. .

of the Britishtype drive; to illustrate, the. advantage, of the Battelle guiet’.

suggest the direction which it seems to me that further

background, and to

research should take with the object of improving the clarity of the output..

Y *

Vertically speaking the best nuitber and choice of tones, horizontally *.

speaking for the clearegt possible defimition., = .. .. .3 . B

L,
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When. I have :gcpye%gdﬁfro? the operation for which,;'engeg,hggp;;q}.op_l?;ﬁpAv

January,. I hope to resume my studies. In the meantime, may I.wish this

. 3

Conferenge the success its importance deserves, . .., -

: Yo, R N U ¢ P “ G ek teg ‘..f-*.%'
Professor Benham inquired whetherﬂall présent knew epough about  the design.

and construction of optophone systems such as. the one built by Battelle

. » . )

Memorial Institute to understand, those parts of . the conference treating ',

of these devices, Mr, Freiberger described the Battelle system s ap
optical - to audible.;ransformption.meghanism.whgrgiﬁdthe_ﬂisppsisxipp,qf‘

ink on the printed page asfilphgnuméric,bhbracteis'ip.;hewzréna"g;ditécg C

tions is trangformed to on-off combinationsof nine discrete gudible tomes .
in a frequency (pitch) and.time domain, The frequency dimension is related

D P N v

to where "black" exists in a narrow vertical slit-like section of the letter ..
being examined, higher ffeqpenpigs,for,“black".relatively higher. in the

3 ] - b

section, while the time dimension relates to horizontal position as the ..

letters.and in turn words, and lines are scanned from left, to right,

Mr. Freiberger, éfV@Lsgaffdglgét;pnigs engineer, then told of his exr . . ..
pg;iences_usingﬁ;hgrgagpel;e,pr-hgu;,optoﬁhohe training course with Mrs.
Geneva Washington, a.blind soclal worker who has volunteered.to take the
lessons in spare moments. Despite the severe pedagogical shortcomings of. ’
such an informal arrangement, the subject had reached the 30th lesson by

the time of the conference with performance about the game as the average.

at Battelle Memorial Institute during their more intensive controlled learning
study. Original plang for this volunteer arrangement between two VA staff
members called for completing three hour-long lessons per week. Because of
competing official and personal activities of both instructor and student,
holidays, illness and other mishaps, the three-hour per week schedule could
seldom be maintained., Some quantitative data resulting from this effort are

given in Table I,
9
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Professor Benham noted thiat readirg spéeds repoited for optoplione users’

are not:véry high, hut he 'pointed ‘out that aduits are the subjects, He
repeated a question ofter ralsed about what the ‘régults would be if children
were introduced to the optophone and given as ‘extensive and leiigthy training

.

and practice &8s s ghted  childrén-gét whén ‘leatning to'read., Mr. Freiberger *
mentioned’ thé resistance some educators” feel to taking a child and sub- C
jecting it to optophone training at’the ‘expefise of giving tried and tested '
training in braille and other subjects in the relatively few hours of the

school day. ”At’Baiég?}gfMeﬁbtial“lﬁstituté some work had been done with s
both grade scliool and;h;gh‘school“thIQtéﬁ.;‘The'younge;’éhildren‘Seemed'" - ?
to have trouble with some of the méchaniéal tagks associated with use:of - |

the optophone as it then existed, and ‘psychologists felt 'that the high ~ = .
school group was in the wrong age bracket £or teaching®the skill, "™ = " =~

Dr. Léo H. Riley then sumarized the ‘experience with the optophone at ACRIBAR.
The ‘approach was to select subjects thought®to be highly motivated, péfsons
who had expressed a desire to be able to read inkprint, and who felt'a loss N
at peing unable. ‘Screening of prospective subjects was done‘in December
1964, including tests of physical fitness, I.Q., hearing; psychological '~
adjustment, performance on tests prepared by Battelle as possible 39iqctibn**“
means, and musical ability using Seashore materials. Six subjects were
selectéd, three males and three' females, ranging™in age from 29 to 49, ‘with”

1.G. range’ from 110 to 141. ‘Instruction began in January 1965 using the
Battelle training program. At ACRIBAR a little more timé ‘per lesson was "
taken at the start than recommended by Battelle, but after the first few
weeks ‘of inBtruction it was found 'possible to'exceed the lesson rate of
the curriciiluin, ‘Somé problems arose such at improper  instrument operation

at the start. 'This was corrécted and mo further instrument troubles ocs =
curred, The tracking bpatdﬁfalSp"had*ﬁécﬁagichi'&gfééts*ﬁhich”wére tréuble~
some., There wap'h'diécfépaﬁéY'betweén;pounds“bf‘thé code from the uniformly
paced,tgpes:and‘hana-tracked”MOdél'ﬂ’1nétruhéniﬁ7’As“ﬁraékingtskills, +
impréved- this trouble was of less and less ¢oncern,” Personnel ‘problems
developed in that'fOuf"offﬁﬁé’brigihal_siﬁ’éelebteés'left‘thefprégram'whén'"'
they got regular émployment,” one more’ left temporafily to’ take a -short-térm ~ -
job in another city, and the sixth had to éuspend attendance because of |
fairly serious illness. ~The best course’ for the future seems to be ‘Use

of evening and week-end ‘time for training sessions rathet than prime’'day=-
time work-hours time. In spite of these setbacks the two subjects who
remained longest achieved reading speeds with' the coursé umaterials of 7.1
words per minute after 35 lessons (Gctober 1965)° and 4.5 wpnm after 66 lessons
(Septemberf1965)'r¢8pé¢tive1y,‘”Additional details of' this work may be found
in (15) and’'(16). ' KR T |
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Mr. Harvey L, Lauer then presented his paper: ™ e e e ;
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My neighborh are- eaying T Have codie’ €6° féhiﬂﬁton to testify about the?ffgf
OPt°Ph0003 ln& I suppOSe theyJaré”right. AL ; )5
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By diecuading the uses to' whith I Haye put an’ Optophope, I’plan to' ehow“;.i
how ‘this method” of: reading ink-print may heeome an eff!eient tool for’ " -
many blin&*péople. AL Hn _"~ . f;;“,Qc. O
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I work for' thé"Veterans’ Adminietretion teaehin Bfallleﬁﬂ"hlind and, 'f.w;i
visually impaited veterins”at Hines Hospitdl in Iiiinois. Formé¥ly, I B
vas a home teacher for the state of, lllinoie. .
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I took the 200-1eheon eodrse of ttaining "fof ﬁee of’the Optéghone.i Both
the ¢ourde ahd-the Optdphond- I used were developed fof“the V.A. at Béttelle
Memotielilnatitéte~in columbne, éhio., As yet, 1 heve fiot taught the ekill

;NS
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The " course was" éompletea dbout’ & yéar pgo and since” then, T'have” used the ;f
Optophone for many little things, =~

s
& Fper

T 12‘

I alvays féad- alone.~but I"hea hélp 1n selectihg the mﬁterials of the eourae,
taking tests; ‘ete;". 7 . =
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After completing the course, a four-step procedute was evolved for developing
new uses.- The' procedure eould be terminhtéd in suéceEs or failure at eny
point. ‘Stép one-1s'to try to read ,OF identify‘an item.’ Step tio 18 to "'.
have someotié ‘deséiitie the’ material ,and I’would agk him pertinent questions
about it. “Thenj- 4" ‘8tep” thtee were neeaed *1-wbuld re-examine the item *
using the Optdﬁhone.- 11 some casés step fOur was helpful. “I would make

a braille description of the format of the, reading matter so that ; could
efficléntly ‘read a“sfnillf item in'the futufe.  In the case of some. items .
like bank stagemﬁnte, I EOuld simply remember ‘the layont.‘ﬂ_ T .?’z}a H.ﬁg
1 dO'nBE &faim maxtmin efEldiency for “this proced ite, .4nd” ¢ should be'
modified fdr some leﬁfnefs“bf diffeting abilities and backgrounds.., )

PR N
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5 found six categories of efficient uses for the Optgphone. A few months

pleasant aurpriee ewéits ‘me around every other cOrner., The job of reading
something "for' the firgte time”dore tH an offaets the imminent little failuges
along the: Way. et e R . hem oo ,L L

- I3
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It remains tofﬂefine éh-effictent ‘use, ‘An éfficiént use ‘is otie which, '
after reasonable training, permits greater independence and also reduces
the hdndicap of ‘blindness to the individuels undeé consideration.,.l an,

here coneerned'wﬁth ‘the - things a busy perso would want to read himself .
with & machine like ’t’he Optophone. T e et

.
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1. Of great importance is the ability, to ':;e‘:’ag_.gpg's typing and to
check the operation of a pen or pencil, or determine if an ink stamp hss
printed or mot, I did this long before completing the course. It was ..

- 5 . fus g . Wy

made easier bacause of the foreknowledge one has of what is being read . - .7

2

and bécause the likely typing errors are uniikely to be miseed with the

Optophone. 1 gpote-check. correspondence and read sll addresses and. checks ..;

I write. I occastonally find sn error I had no ides was present. I.csn. ..

read with the paper still in the machine if necessary, make corrections ..

with all-white carbon, find my place or read what was last written. I

sometimes write several checks and envelopes. and. then check them sll. At. -

first, it was more effiglent to check en item iumedistely after writing if,. ’

- Wt T T S P S Lr o ahyY
Formerly, our typewriter would quit working properly in the midst of &
stack of Christmas cards.. Now, even the slightest. question as to 8 key..

ig o T e I k

struck,or an item ingerted; into its proper envelope can be cleared up on .
the épot. I gsed raisedsline checks and type them all. There:is.no longer.
the need to edrry around letteis and checks just to have the typing checked.
My typing is improving becsuse 1 can concentrate more.on &cCCuracy and. be- ..v
cause those strike.overs sound terrible. -~ -, .. . .. ool

. Uh
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There are those who, through carplessness or desperation,.do pot have

their typing chiecked, 'They soméetimes send blank or unsigned. checks, through
the mail. This calls for attitude development.

by

A'blind typiat ust tGs,Optophois would ot need sighted help in making

corzections and could even replace the paper into the typewriter when

necessiry, Wheil & blind person has much detailed work to do, sighted ' ..

fémily membérs can become.discoutsged. As.a college. student, I would ... t

s

often wonder, “Let’s see, Whom should I pestér with this problea® ... -

20 nd’ sbcoid catsioly Is déseitcation of cufrency, 1 idencify. .
$1, $5, $10 and $20'bills. This can be dome with one hundred per cent ..;:

; A .- P T

accuracy with either the Battéelle instrument or the new Visotoner developed
by Mauch Laborstories, The.Visotoner is better for this purpose.because

one cari scari an avea altost one-half inch tall and becayse it is so compsct.
and portable. Identifyirig money is often more necessary away from home.

b e = 0

_ . — N R L 2.8 Y L g e LB -t 0
Perhsps @ businessman such as & vending stand f,gﬁgggthg might keep the . .
device on a bracket within easy resch, I believe it would add to the .. -
confidence of his custémers in & blind businessman:if .they knew.that he . ..
could identify money himself whén necessary. Of course, one should still ..
use a good system of filing currency. Incidentally, blind parents vould

like to have their own independent means of identifying curxzemcy. . . 5

‘4, The third categoty is reading correspondence, memos, -bulletins, .-
newsletters, etc., Handwriting csnnot be réad with the Optophone so fsr ..
ac we krow, It is a great pleasure and very hindy to read a typed note .
from a friend or to read a letter from Mr, Freiberger about reading
machines. In order to avail myself of that privilege, I will gladly

read a carbon or thermofax copy. i

12 |
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Even thoge correSpondente who do not typetmay'want to locate a typewritcr |
and tap out a prlvate note.,' S ST C e g e e

4, e fourth catego:y ls reaqlng many bills. checka and bank stote- .
ments, familiar' forme. etce I learn the layout -of mw'common,hlllc and make .
braille notes ﬁbout tHem if necessary. For example, I read and copied the
entire form of my'machlnefprinted Earnings and Leave Statement, ,That was-
very hard to do, but niow I can locate the lnfonmation I want from,subsequent
statements in a minute,

Reading bank stctemcntc hat become very routlne.. 1 can either rcad all the s
figures from the gtatement or elge read all the checks and only 8 few figures
from the statemeént, ' An abacis helps with the necesscry calculation.

For many of my bllle the cycle is_now complete. I read the bill record it ..
in braille, wrlte the check read it over and mall 1t. "hen'whon I recelve

Ledb y

Here again attltudes toward responslbllity and lndependence play a rolem_

Some blind people pay their bills in. person'without having them checked.,

I know a blind pérson who paid his neighbor's electric bill, Some blind . .
people simply discard all unsealed mail and anything,that feels like an ad. -
If that vwere the policy at our house, some neighbors.would be. unhappy because
some of their mail is mistakenly left in our mailbox.

5.° A fifth uee is to ldentlfy mail, packaged goods, canned goods, etc.
Identiflcatlon is usually'more urgent than reading, . I know blind people. . -
who will’ butténhole everycne who comes. to their doon to get things,rzad or -
identified, ‘Returh addresses are often easy to read with the Optophone.
One can read bits of ads and discard them at will. I;braille the envelopes
of items Y Haye identified. Experience shows us that.it is often expedient -
to censor items which a. pnrticular reader would not. llke to read. Thus,mey i
include religxous and pol tical material, : : ’

11111

There are several hidden advantages to identlfylng,thlngs oneo f'

A. The time of a sighted reader may be better used for readlng more lengthy
materisls, B, Items do not need to be moved or carried around: too much, 80.
they are easler to kaap, track of, C. It reduces the urgency. of getting
mail read and makes for a more flexlble schedule. o oA ae

ek o
Recently I have been gtatified to find it easy to read lnbels oni. canned goodsﬁr
and cartons. ‘1 began to yead recipes and directlons also. Brellle and .
orderiivess’ reduge the ampunt you need. to read. For excmﬂle, with careful
buying and " Qtudy of featuzes on cans, one needs to read less than. one-third .
of the cens With the macnxne. Then all of the cans can be labeled if desired,

13



The new Visotoner works much better for this work because, much larger .
print -can be ‘read with it.’ Those big letters on TV dinner’ cartons and
cereal boxes stand right out for the Visotomer. It is also easier to
change adjustment for the size of type read, and it is easier .to. 'roll
around ‘& ‘can''with the Visotoner. I ‘took the Vigotoner into a’ super-
‘market and véad ‘Some ‘labels with-it, and I féel that“it may ‘bécome Lo
practical to use it fn'some situations 1ike ‘this. The area of ideniti-
fication is quite new to me; I am looking for suggestions, much.more ST
 may be possible in this ‘area. - «“ - .

- g
.
.
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Much of what I have said shows how the Optophone complements other skills,
nsmely, ‘braille, typirg and language’dkills."Orderliness “aids "in making
its ude efficient.. The same can be said for the use of sighted readers.

E S .l..' ..

6. I use the Optophone for all I have mentioned thus far, but there
is a ‘sixtlv'category I plan ‘to work on=~refererice books.} Braille ‘4s ‘too .
bulky to permit mostpeople to ‘own a good dictionary or reference work._,_;
The ability to use suth texts in a library would be even moré important.
I have read the print in some of these books but have not tried to look _
things up* ‘ag ‘yet, - Children's reference books' may be a“help hére. Qgsin :
the Visotoner, because of ‘its shape, portability and easy-to-use ‘controls -
should be @' great help. It also has & ‘good feature for, reading italicized
print. The photocell array can be rotated sc that the “slanted“ print '
sounds almost -like ordinary print to the ear. ‘ |

S

} A
r S | N

I have also had a brief chance to use the COIineator which is the tracking
board developed by Mauch Laboratories of Daytom, Ohio. ‘It is mnrvelpus”
and very versatile. It should help with reading ‘books., I ever enjoyed
using:’ it by using the Battelle probe againSt the bar of the Colineator.

There are other uses for’ Optophones which ate as yet 1ne£ficient. Never-
theless, some people may'want to read magazine articles, case. records, and _
even’'whole books with' the instrument, My plan'is to read magazine articles

want to see if steady motion of the probe will aid in developing speed.
This seems to have been the case. for some other learmers. Perhaps magazine
articles will be very practical. .

i I made some~mistakes which’' slowed my progress along the way. First, al=-

1 though I enjoyed reading articles and storiés, I stopped reading them too

| soon, so my reading speed did not have a thance to increase. I tell my
* braille students to read magazines for practice after completing the course,
but I'did not practice what I preach. ‘The sécond mistake was that when 1
firet began to use the machine at home, 1 did not keep it handy enough.
The machine should be available to use’ momentarily. The biggest problem
has been the small amount of time I could devote to this work. A small
problem has’ been some difficulty with the’ equipment. .
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Many questions are commonly asked of me. " How' faet do T read? 1 read trqn
5 to 25 words per minute depending on contrast, type font, context, . and
whether or not a tracking board is used.

Some say, "Who wanta ‘to read go’ slowly?? 1" feel that a number of people
would like’ to do just that. Thousands of people use braille at very slow
speeds,  They use it for notes, addresses,. and laltels. Most learners. of .
braille need to read a great deal after 1earning the. ekill in order to
develop speed. This fact and my experience leads me to believe blind
people may want to read some print slowly.

People also aak if it was difficult to learn., It was difficult, butiscmeﬂu.,

braillé:students work harder learning braille than I have had to do in .

learning the Optophone., People also want.to know if I have extra ability. o

1 suppose 80, but it required extra ability under . the eircumstances of .
working slone and experimentally much of the time, :

1 beiieve that with a 'little better Optophone and improved teaching methods,
thig skill will be brought within the reach of many more blind people. I
also believe that, like braille, this skill may best be taught by a person
who uses ‘the skill. In the case of a new skill like this, it may be even

more immortant. A teacher must listen to the output of the machine part of

the time and’ help the student trouble-shoot. In fact.the teachers may .
need to learn to teach trouble-shooting, scanning and skimming if this is
possible. By careful and experienced tutoring, we may be able to reduce:
the need for tape recordings..; L S ' ' ‘

We need to direct students to uses for the skill such as checking their -
typing at the appropriate time I have:kept samples of various kinds of .
print encountered in everyday use for this purpose. St . :

We have found in .teaching braille that if we introduce new uses for braille,;

at the propitious time, motivation to "struggle on" 1is greatly enhanced. : .
On the other hand, we can diecourege a learner by. giving him i11-timed .
tasks no matter how well the skili is taught, . . : S

I also feel that motivation will play a cardinal role in 1earning this ;L,lﬁl
skill, and it would be ‘helpful if students could be promised ‘the use. of . -
the machine if they mastered and used the skill, I hope that, many 'a blind ..

typist, professional worker, businessman 2nd ‘housewife will. ‘tind this skill
of benefit. Home teache~s with whom I have, spoken were especially en-.
thusiastic when they heard how I used  the machine. Short passages can be
read ds efficiently on an optophone as by a sighted neighbor where neces~
sary atrival and departure gocial chitchat’ consume as much time as machine
reading.' Also some materiala of a religious or. political nature cause a
reader to ‘be uncomfortable, and embarrassnent sets in for all concerned.
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Much of what I have said here may apply to other "limited access' reading
machines. Though' the Optophone affords limited’ access to print, it has
made me feel less limited, | - L o e
I cannot begin to thank everyone who helped me, They include staff members
at Hines HoSpital and mmny of you gentlemen here at the Conference. oy

In summary, ‘I love to use the Optophone. The pace is slow, the'mileage is.ﬁi

improving, but the payload is: terrific. I would like ‘very’ much to teach
the skill’,: o C e e

Professor Benham then said that it was apparent to him from Mr, Lauer's
remarks that a device of this' type 'was ugeful even ‘at the present stage |
to read short things, 4nd eveii some more’ complicated documents.. ‘Mr, Smith ‘
said ‘he has seen someé ‘of Mr. Liuer's versatility, ‘and that he not only can
read carbor copies of documents, but on one occasion read a "Thermofax" of

a carbon copy.

o
(e 1

Mr. Lauer'mentioned the Visotoner several times dnring his talk. Professor .
Benham explained that this device was Built by Mauch Laboratories and that

Mr, Glendon Smith'would speak next on the Visotoner. ' e

Actual Visotoner hardware was’ started in'April 1964 when the Visotactor

design was also completed It was felt’ optophone instruments might have

better acceéptance if they ‘had some of the Visotactor features.‘ A variable ‘
magnification scheme ‘allows for accommodaticn of ‘print from abdut small’

want-ad size to medium sized column heads, a five-fold range,'with,maximum

limit at 0,440 inch., The frequencies used are as in the VA-Battelle opto-

phone, -440 cps, ‘554, 698 and twice these frequencies, and four times, for .a

total -of ‘nine tohes. Mir, Smith showed a slide of the unit, pointed out the

optical barrel, the four fingetr rests (as required in the Visotactot), the °
illuminating lamps, battery, rollers, anu lens. An internsl view of the

four components -0f the optical barrel was “then shown. The photocell array ,

developed at Mauch Laboratotries vas visible, ‘as wéll as ‘the cam=tube arréange=~

ment used- to position both the lens &ncd-array such’ that sharp focus is main-

tained over the entire magnification range. The magnification ‘ad justment

knob has raised dots in the several "clock" positions to allow blind users

to make direct settings if they happen to kiow the type siae they intend ‘to

read. Anéther slide showed the assembled optical system, Mr, Smith pointed

out “that the single “sensitivity" control of the Visotoner operated through |

manual -control of the lamp brightness: Such an adjustment is necessary as

the amount of light falling ‘6n the cells depends on the magnification in use,

The cells always "trigger' at the -same level of illumination, in this case

about three foot candles, ' If any cell senses less illumination than this, , g
the corresponding tone is switched on. ‘The body of the Visotoner contains ' ¥
all necessary componentd, some 38 silicon transistors, 63 resistors, 18 o ¥
capacitors, and 12 diodes. A miniature-hearing aid eatpiece is used to
deliver the audio output to the user., The entire unit may be carried in
a small leather case slung over the shoulder somewhat as is done with a
camera,
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_PrOfessbr Benham then introduced Mr, Loyal E. Apple who presented the fol-
lowing paper on: C : . :

FACTORS AFFECTING READING MACHINE INSTRUCTION IN REHABILITATION CENTERS

After watching the progress of Battelle Institute and Mauch Laboratories,

my superior, Dr. W, T. Liberson, Chief of Physical Medicine and Rehabilita-
tion Service at Veterans Administration Hospital, Hines, and I were pleased
when it becgme possible for us to have one of the Battelle machines at Hines,
Dr., Liberson's own interest in the application of electronic technology to
the amelioration of physical disability was a factor in making this venture
possible. S

On May 13~17, 1963, Mrs. Genevieve N, Miller, Assistant Chief of the Central
Rehabilitation Section for Visually Impaired and Blinded Veterans, wemt to-
Battelle Institute in Columbus, Ohio, for training which wouid fit her to -
instruct in the use of the machine. Mrs, Miller began the training of Harvey
Lauer, Braille Therapist, in April, 1964, They proceeded through the two
hundred lessons of the Battelle series as their working time would allow,
until Mr, Lauer completed his instruction in December, 1964, In addition,

' Mr. Lauer put much of his own time and energy into the program and is to be
highly commended., Mr. Lauer has presented his own experiences earlier in
this session, I liked what he said and I detected that the group assembled
here felt the same way. | _ . : S

The reading machine is not a substitute for braille reading and writing.
Braille has qualities which make substitution very difficult, The reading
machine is an additional communication tool and offers great freedom in
perceiving the ideas contained in the printed or typed word., Braille gives
much greater flexibility in retrieving ideas that have been set down for the
writer's use.’ :

. There are about five ways in which a blind persom can obtain information

. from the printed word--high-powered lenses is one way for some legally blind
people, braille, recordings, a sighted reader, or the optophone. All except
the optophone and high-power lenses require the action »f a second party,.
The optophone, however, will not be able to completely displace any one of
the other four, for each has its invaluable aspects for the blind person,

There are factors which govern the adoption of new programs in the compre~
hensive rehabilitation program of the center at Hines. These apply also

to reading machines. There are the factors of validity and relevance which
must be considered first. After these come the factors which govern ine
clusion, l Co ,
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When a new program involves any devibe,’it‘becomes'important that the .
device has technical validity, and does what it is designed to do ;
reliably. Portability, size, repairability and other factors important
to engineers come into ‘play and seem to be ddequately met by the Battelle
device, .

There 'is a concept of validity 'of instruction which is not as clear-cut
as I shall define it, Instructional validity has to do with human beings
being able to learn to use the device with a reasonable amount of time -
and effort, The instruction series for the optophone seems to have been
well validated, On the basis of the experience with Mr. Lauer, we would
hypothésize that the actual time the instructor spends with the student

might be reduced without serious harm to learning efficiency,

Relevance of both device and instructional program to the management of

sight loss is important, The deepest motivation springs from participation

in activities which promise the most success in managing the greatest areas

of life affected by loss of sight. This is the way in which we would define
relevancy, The device and the techniques, which are to be learned for its
use, are always weighed in this manner, Indications are that the optophone
has relevancy for some blind persons but is not universal in its applicability
in solving the problems of blindness.

The factors governing inclusion of a device which has validity and relevance
into an established program of proven worth are very complex, Inclusion may
be made by displacement of a previously established program -element, or by
addition to the established schedule of the program, In order to displace

a program element, the program to be included must answer . the .same dif- .
ficulties of blindness in a better way than the element being displaced. .
That is, a mobility program .can displace a mobility program or a counseling .
program can displace a counseling program if they have & higher relevancy.

The optophone is an additional area of function and does mot duplicate any

of the established types of 'program and, therefore, could not. displace them.

- New prpg:aﬁé can be ‘included by addition to the established ﬁrograms when

there is a high level of relevancy and if the new program is for an area .
of function not touched by existing programs. .Such additions do have an
effect on participants as well as otner phases of the program. The time,
energy, and attention of participants can only be spread so far befare some
part of the program in which they. are participating begins to be -slighted.,
Motivating blind persons to expend emergy at & high level is a part of the
staff function in our center, but there are reasonable.limits, Although
there are negative factors, inclusion of the optophone program into the .
center should be by addition, rather than displacement,
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If there were .a very limited number of individuals with whom we would deal,
an optophone program could be -worked out witd only’'a limited ilderease of
. the patients' stay in the’section, This would have to be done’ by adding
evening. and weekend classes on the optdphone and by some modification of
the  training tegimen developed by Béttélle.lhbtitute, - ) o

'Y do know of a centet where substitution, or displacement of & sort, is-a
part of their programming, and which might include the optophone ‘program *
_ by displacement, Perhaps both should be tried.- o e
The kinds of knowledge -and skill which are found in'a 'blind fehabilitation
center would provide an apparently promising enviromment in which student,
instructor and ‘machine might be brouglit ‘together. A center might set up 8
“gpecialized program for men who wighed to bé admitted specifically for
training with the optophone, in much the same way that dog guide schools

admit for ‘only one &rea of ‘study. Such‘'an insular program, if significantly
extended, would need additional space, equipument, and staff} but, it would
more ‘nearly meet the ‘instruction time criteria developed by Battelle Institute,
These time requirements are much longer ‘than the ‘time gpan usually occupied
‘..by,._t‘h.e. rehabilitation process. o AR SO I T FYTTON
Instruction on the machine might' algo be tried on a home visit basis, wherein
the teacher instructs: the prospective user in his home, The machine would

stay in the home and the studeént might use it for practice at his convenience.

b

There is & factor which seems implicit in the development of the optophone.
That is, that machines will be istued to blinded veterans who -are Batis«’
_factorily trained .in their use. This is a strong motivational factor,
‘Blind ‘petsons who learn to use the machines must have some ‘assurance ‘that
‘the ‘optophone’ will be available to them after they have satisfactorily.com=-
pleted their training. It is hoped that blinded persons may seek out &
gkill with the optophone as a matter’ of imtelligent self-interest, wherein
after they learn to uge the machine it.will be available to them,

P N
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There are other human factors which are not clearly understood yet. These
seem to be principally those of readiness: ile will not understand these
until we have spent some time earnestly training blind persons to use the
optophones’ 'Not all blind persons have a strong sense of urgency about
learning ito read a'new way, but those who do, and especially those who have
a practical use  for much skill, should: be able to do so. -+ ' - e
R O S P . e e :
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The group went. to. lunch after Mr. Apple's paper, aund on. return.Mr.eLauer “
gave a, dempnstration of readiuo using. theijsotoner .and- Cqlipeator;-and ..
then the VA-Battelle optophone, Model,D. - Pointing out- he has-used-the.
Visotoner for only a weeL or so.Mr. Lauer read from the multilithed 113t
of names for those 'who had reaistered early for the Conference.  The - goinﬂ
was slow and rough, but he did read "“J, Malvern Benjamin, Pres." and some
other material on.the sheet, .Then Mr.. .Rotkin presented ap advexrtisement .
for Mr. Lauer to read. ﬂConfident and cneerfuL, explaining .as he went along,.
Mr. Lauer tried, but was not able easily to read this material with the i~ - .
Visotoner. Mr. Rotkin said it was a severe test having four different type
sizes, gome illustratigns, and.some, ‘‘negative print,’-i.e., white letters -
in a dark backvround.; Lt was agreed. ,this was representative of what'might
come in the mall, Mr. Lauer then read more successfully from.a Civil-
Service Conmission document. Some months later ag your editor was pre-.
paring - thzs summaxy part;ally from tape recordings of the:. 5essions, he;x i
attempted to. get.some measure of the reading capabzlzty;demonstrated by
Mr. ;Lauer., - “Keeping in mind that Mr, Lauer was mot really hurrying, that:
he, had 1nterrpptions from»the group, and answered questions ‘too, note that:-
he . read the following passage with . the Visotoner: in 3, menutes 50 second5°

calendar days after the effecttve date of the

. - action taken as a result of the classification :
. .decision, whichever is later. . This will. assure .
any. entztlement you may have to.retroactive.:
salary adjustment.
N PO

Rouahly speaking this passage was read at q speed of wpm. Mb.ftauer.also '
read from the. same document “using the VA-Battelle optophone. .He. vead the
follow;ng materlals in, 2,m ‘nutes . 46 seconds¢ , ci o s

)
RS Lo et . i

,descripfion. I£~you do not have one ask your
. supervisor for it, . It should; be kept available

. &“‘ A .'--:-J-'-. [ ;“"‘" Locil

/1nterruptionl

o ‘Tf'or are 01ven the task of preparing descrlptiona'~.
L .,for others under,your superv1sxon. T T
These. passages were read at a speed'o; 10 npm.f It must be‘empﬁasized that.
condltions, equlpments, and techniques used at this. time were not optimum.
for the realization of hlgh reading speeds, nor was this in fact the goal

of the demonstrator,
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A discussion .then ensyed relating to the validity of using Seashore tésts in
selecting persons likely to succeed with: the optophione, Drs. Nye, Riley,
and Mallinson £elt there was some relation:between these tests, musical -
ability- and optophone performance,.whereas Professor Metfessel and Oliver
Seliridge had somewhat opposingviews. Professor Metfessel -said the 3.5 cps
‘differences in the Seashore: tests were so small compared with optoplione note
differences that he_ was:not..sure -performance "in ‘one ‘area was-so closely.-re=.:
lated to that in 'thé other, Mr, Selfridgze said:tiiat the optophone noige is °
not music, the device is not a mugical instrument, and references -to music
are irrelevant., Mr. Freiberger volunteered he feels motivation. and need to
read may be principal componsnts in the'makeup of successful users, Mr. -
Selfr;dge ‘raised the question of.the efféct on performance of -the uncertainty
in a user's mind as to whether he would own and/or retain a machine :after he
put in hours of learning. Mr. Freibérger pointed out that while the tén
Mudel D VA=Battelle optophones now extant were Veterans Adninistration
property, no machine had ever been wrested. away from a . truly successful user,i
nor did he think such was anyone's intention. Mr. Selfridge pointed out: .'=
there were wany sound "channéls' besides tones, e.g. clicks, buzzes, nolses,
trills, and transients. He .continued, tones:are probably the worst:choicefor
conveyino information. It is no accident that human'languages depend mostly :
on cues other than tones, and where tones are involved the use is minimal.,
Mr. Freiberger mentioned early Battelle work, and Dr. Cocper spoks of the
simulated tests done in the Comaittee on Sensory Deviceés (CSD) days (17).
'Superiority of other sounds tham tones did not seem to be' a finding of .these.:
limited studies. Mr. Mauch also told of some of his work with other sounds
(13)., (19), concluding that. the cldser to speech an output is, the betterw,
“but that complexity oi auditory display  alone .1s not the answer, Mr.. Bledsoe
* recalled that in one of the earliest English dictionaries music was. defined
as the "lease unpleasant of noises," 'and he added the optophone: sounds seemed
: -pleasant: to him,. - He also .stressed the importance -of relating. research work ° :
to the blind ‘at all stages as opposed to the idea of first producing a very -
good instrument and then working with blind people. Professor Mann concurred
that evaluation with human users.must be involvod in:.the early stages of a
device .and right on through all later .aspects of desvelopment. - He :also ques=
tioned the use of pure tonés at the particular frequencies' of the VA-Battelle
instrument,  Mr,.. Freiberger referred to the brief psychoacoustic tests which
led Battelle to the present set of nine tones (20), (21), and pointed out
that the British optophone used only six tones differing from the Battelle
- in frequencies and timbre, Dr. Ben Jhite remarked onme could simulate a great
variety of outputs without building a machine by use of computer techniques.
Dr. Jhite. further said that in evaluation studies of the optophone reading
spned is essentially irrelevant.. The measure should be something like how.
long it takes to find a telephone number in the book,: or how long to complete”
miscellaneous lookup tasks of the types this instrument is likely to be used
for.
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Professor Benham then asked Dr, Murphy to speak on the subject of. tactile
outputs which he did by describing the Faximile Visagraph (22).  Such an
instrument serves the need of rendering:into emboussed relief. form graphic
materials such as drawings, charts, plans,.and graphs. It is felt that
the machine deseribed, built in about 1546, is not .as refined and.useful
as one would like to have -it, More work seems necessary both in develop-~
ment of 'a practical machine and associatad materials and techniques) and
algo in evaluatiop of the utility of essentially “unedited” tangible versions
of graphical materials prepared for the 'sighteds - - L

Profegssor Mann inquired of .the group why .a Gestetner process involving auto-
matic preparation of a-duplicating -stencil. from the graphic original, and " -
then printing the stencil with a special.ink which when heated for a few -
seconds produces a raised area.  This could be used both for lire drawings - -
and braille materials. There was then-a brief exchange between Profesgors -
Mann and Benham and Dr. Nye regarding -ability of a blind person to use un-
edited graphical material made into tangible form. : From his 30 years ex-
perience with.these matters, Professor Benham indicated some editing seems

to be useful, but he yielded to-the others that definitive psychological -
analyses had not been made -on the subjects - ' SAITTT TR

Professor Geldard then spoke of his work on the *optohapt. Hentioning ideas
of J. J. Rousseau in 1762 and D. Katz -and R; H, Gault in the first paxrt of -’
the twentieth century, he reminded thé group of .the lack of :success of their’
attempis to convey music or speech to an individual by attaching some'sort,- 
of hardware to the skin. . Professor Gzldard decided on a different approach., -
Why. not “ask® .the skin what soris of discriminations it is capable of., It
seems responsive in dimensions of amplitude, frequency, time, and ‘locus. Tt"
is with this last parameter, locus, that engineering designers often "fly in
the face' of the skin's ability -by.giving it sensory tasks it .cannot accomplish.
To “give the skin a chanca’. Professor Geldard favors: spreading out' multiple
stimuli over as wide a skin area &8s .possible. :.Symmetric points oti the body
should be avoided when placing stimulators. A recent paper - (23) illustrates -
these ideas in some detail. Ten stimulators were placed on the. body; and -
they were operated. at a:15 db ‘sensation level for 200 millisecond: bursts’' " - °
separated by 2 second quiet periods. - Paired patterns of likes and dislikes -

%At the meeting. the term ‘'optotact’ was used, ‘but subsequently, énd prior to
release of this summary, Professor -Geldard, for reasong of etymological
homogeneity changed .the usage to "optohapt.!' . - .- Lo SRR
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were presented and the subject indicated same or .different. .Data on .
discrimination of such vibratory patterns were thus gathered, It was -

not only the numbers of vibrators activated that counted, though the .
larger the number the harder to discriminate. “Communality' of suc~

cessive patterns had a stronz influence. In the work described go far. -

sll vibrators for a given pattern.configuration were '"on! or "off
simultaneously for the entire 200 millisecond ‘presentation intervaly . @ i
Noting that the skin is extraordinarily good on temporal discriminations, .
Professor Geldard also tried patterns where there were differences in

the "on" and "off" times of the several stimulators during the pattern .
presentation interval. "This test was instrumented by use of a mnine-cell
VA-Battelle optophone probe mounted €0 &8s to scan characters on a 307 IRM |
electric typewritexr. A set of 36 symbols was selected for use-in this ex=. .
periment. After typing the desired symbol, the carriage movement caused .
the optophone probe.to scan. the symbol. The .nine cells then controlled

nine stimulators arranged on the body. The vibratory patterns resulting
from this arrangement were thus spread out over the space of the body and -
also over the time of character scan. An analysis of data resulting froum
such experiments showed.that: letters are not well discriminatéd,. suggesting
this is not a good tactile output means for a reading machime. for the blind.
Symbols best discriminated, ranked in decreasing order of discriminability,
are the period, quotation marks, & small solid square, the hyphen, equals -
sign, an arrow pointing to the right, the plus gign, the letter I, a small

. square in outline,. the symbol ﬁ,-‘the “greater than' sign, the slant or
slash mark, a diamond shape, and the letter L. The next letter in this . .
series is the "A" in 40th place (which serves to emphasize how poorly letters
work out with this particular transform). The optohapt experiments were
started with a presentation rate of 20 characters pex minute, but this was
increased to 70 per minute to-give the characters a certain 'zip." .
Professor Geldard concluded that the main lesson one can learn from these :
results is that the skin just doesn't like Euclid. There is no reason to 1
think- that visual symbols, evolved for use by the eye, are any good for use ]
in systems employing the gkin as end organm. - : N S .

Profagsor Linvill spoke next on:his work with direct-translation tactile= ;
output reading machines (24). He felt that with new technological tools . :
now available, this old idea could be profitably developed. He told of the ;
tactile reading studies conducted at Stanford Research Institute (SRI) i
using a facsimile but enlarged representation of letter shapes made tangible
by means of a dense array of piezoelectric-reed vibrators in a perforated
finger-rest plate. . Ninety=-six reeds drive small stimulators .arranged in a
12 x 3 array in the plate. The optical parts of a complete reading machine
working on these principles have been simulated on a computer. An auxiliary i
12. x O array of electric lemp bulbs can be used to show observers visually i
ne condition of the tactile .array at any time, Piezoelectric reeds are
.gimple motors for the purpose, 1%" long, 20 mils thick, by 1/32" wide, -
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closed 'acknowledging the continuing valuable activities of his associate in

operating as -small-deflection resonant systems~with-aboutl95% efficiency, '
The skin is exquisitely sensitive to such vibrations if in the correct - 5:°

amplitude range.. It can detect amplitudes of .1 micron,:and 10 microms

can be detected easily. Power.to drive each reed is in:the order-of only..
30 microwatts. : ST ce e e L e “ o

Three subjeets;a"reading"'stylized-computer—generated latters presented .in:

an 8 x.5 matrix array, were getting 20 words correct per minute after 10-.7

hours of learning. To explore -a more practical question, 2 pica ‘typewritex
font,zmpperwandylower-case,;waSuanalysed.by projecting images of ‘the: B
characters on:an 3.x 5 array.of squares and moting when:half or more of :any

square was ‘‘black." . The computer then .produced signals ‘to control the B
piezoelectric bimorph array based on the "'black" squares: .Ultimately the .
three young test subjects could read all the letter types tried, but. there: '
was & ‘horrible shock" noted as they readjusted from all:upper case.to.lower

case characterss  Professor Linvill feels. that training and -practice ‘beyond

that already. ziven will lead -to definite improvements in reading capabilities.

Dr. Bliés; a colleague of Professor Linvill's not.present at the meeting,; -

was .interested in the effects of displaying less than thie full S5=-coiummn . ' °

widtli of the characters. Degradations in’performance to 90% witir3 columns,
80% with 2, and 20% with 1 coluan were noteds - Coie s
Professorgﬁinvill then siaowed a movie of hié work.made in.the ‘Summer of 1964,
His daughter, Miss Candy Linvill, reads. in the f£ilm. : Since 'the time of .the

:.£1lm her reading speed is reported -as up to about 35 wpm, L. T

Professor Linvill concluded by voicing azreement with Mr. Selfridge that-
research on tae mechanisms of signal processing-is needed. He now has some
support for work in this area from NINDB. L AR

The researchers at SRI are in the process of 'putting together a small-sized
version of the reed-array reading machine. They realize there are a number

of steps yet to go to reach a usable device. Professor Linvill is convinced
reading speeds of at-least 35 wpn will be achievable. Professor Linvill

this work, Dr, James C. Bliss of SRI, BRI Foe

Mr. Smith. of Mauch: Laboratories explained that the main machine under . - -~
development there was a recognition machine having a spelled speech:out=- | :
put of sounds-supplied by Metfessel Laboratories.. A .user of such'a machine, . h
to f£ind the line of print, to read characters not:within the recognition ' .
capabilities of the- circuits, ‘and ‘possibly to'use independently of the 5
main machine where pocket portability is essential, needs some duxiliary = }
system, A tactile output, direct translation device called Visotactor was
conceived to serve these purposes, and designated the Visotactor A,. Because
e ]

|
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of the basic appeal of a gmall purtable unit it was decided to.construct one
minus the photocell array meeded as input for the recogmition machine. This
unit is designated;Visotacter B (25). i linear array of eight cells is used
in scanning the letters in a line of type, at any instant a narrow vertical

slit-like:area over the letter being “agiive." .Une cell responds to de-
scenders, five to, the main body ('x" height), amnd two to ascenders of the

letters.., These cells control the'action of eight tactile stimulators ar-
ranged to vibrate under the finger tips of four fingers, two toc a finger.
These stjmulators are solenoid driven, L o |
RPN 5 SLNUC T ST ra ST N N LA ‘
Work<reﬁbrted by, Linvill on piezoelectric bimorph stimulator motors, and the
advantages of haying more than @ narrow one~solumn scanning aspect for a
system, led Mauch personnel to examine the possibilities of producing a

. three-colunn Visotactor using an o x S.eréj'of_cells and corresponding bi-

morph vibrators. Such a device was built wostly within the same . size structure
used for the Visotactor B, but for the prototype versior a transformer and -
inverter .circuit used.to supply the bimggghroperating_Vgltgge were mounted
in.the externmal battery plug rather than in, the already well-filled space of

- the]probe;, A blind.Subjec:AWillutry.;heﬁégvice; first using one column, then

two, then three. Some measure of the advantages or otherwise of multicolumn
arrangements should be forthcoming from this. work, gt

. ) S
K ts oty e

Mr. Smith closed by mentioning some general.features of .the Mauch Laboratories'

hand~held .probes, . The optical barrel can be rotated 15° to help with reading
of italics. It also has a vertical movement allowance of about 1/8 inch
relative to its running rollers to pemmit readir., materials in the plane of
the rollers or further away under a sheet of 1/u" glasg as used in the
Colineator.. The Colineator,.deseribed in (26), is a tracking aid developed
at Mauch Laboratories. It involves a glass base plate, precision ground .rods
connected with a roller equipped cross bearing, and an equalizing connector
by which the probes.are fastened to the device. PR '
VI. VISUAL EFFECTS THROUGH STIMULATION F
REMAINING PARTS COF THE VISUAL SYSTEM
P : U UU T S . T et L SO '
Professor Sterling then spoke .briefly on scme oI the interests ,of .the Com-

mittee on Profescional.Activities of the Blind of the Association:for. Com-

. puting Machinery.f He pointed out that some years. ago it .became clear.-

certain blind persons would be employed in the couputer profession. To
facilitate such employment, the Committee, of waich Professor .Sterling is

chairman, developed means for high speed.low cost productibn of braille
readout tc serve as a working tool of blind couputer personnel (27). A
light sensitive probe. to “"read" the consoles was also reinvented, perhaps. .

"for the 23th time™ (28), ., .. .. ... .

R . H .
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The - Committee continues to seek out ‘those. developments in technology and
their applications which w111 aid the blind professional in computer work
It has also dOne some work on use of tne computer to produce braille.‘_‘

It seems almost natural that the thoughts of the “Young Turks™ "and 'computer-
niks® of the Cémmittee would titn to the question, 'How can you get blind
people to sée?" "A cléver person at the time of World war I, .gonceived the
optophone transform =~ different patterns ‘of blackness producing different:
patterns of tones which a person could interpret. Today a person having -
similar acumen to his earlier counterpart would not think of an optophone,
but rather of preprocessing logic circuitry to receive optical information
and reduce it to electrical or other signals which could be used in-a dis-
play a person could best ‘interpret. . Considérable attention has been :3iven

to auditory and tactile displays, but the Committee is intrigued by another
more interesting possibility ~- feeding the information’ directly “into the.
brain., Recent developments in microcircuitry have “brought: within- techno-
logical and economic feasibility ‘the: development 'of complex but compact
devices for sensing and encoding- environmental information. Given the pos~
'sibility for linkage with the central nervous system, -an instrumental sub-
stitute could perform some functions of the: human ‘eye." In the opinion of -
scientists who have given'the problem eareful evaluation, the vatious ap-
plications of technology to visual prostheses for the blind are primarily
- physiolégic and psychologic., It is believed by some that attempts to by=-"
- pass diceased peripheral: structures and t9. produce artificial sensations P
for the blind and the deaf are virtually’ certain since simple forms of
sensation may be obtained by electrical ‘stimulation of the appropriate Ch
peripheral or ‘central structures. -Zuch observations as exist prove the
feasibility and usefulness of artificial sensation, however it 1s by no

- means certain. ‘ : !

oy
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The group adgourned after the first day of sessions &t about 5:00 P.M. -
vn. , INTEMDIATE"“MACHINES"

The morning sessgion, January 2u, 1966 commenced with remarks from Dr, Nye.

He beliéves ‘the ultimate goal is to go from print to something a blind

person understands readily, like speech; The means to accomplish this’ are:

difficult and there ic a'place for a compromise intermediate system, one. .

not .quité’ as simple in concept as the direct-translation optophone, nor: as
complex and expensive as a character recognition unit with sonie sort of '
speech output. "';:‘ y

Dr. Nye then told 'of some of thé work on audible outputs he had been as- x
sociated with at the National Physical Laboratory (NPL), Teddington, -
Middlesex, England (29). The work there was on behalf of St. Dunstan's,




a British organization for those blindad on war service. The Parametric
Artificial Talker (PAT), designed by Walter Lawrence, was used in an
attempt to get at a synthesized speechlike sound display using low=-
information~content parameters derived from letter shape. The letters
are first scanned by a Nipkow disc. The information as to location of
"black" or "white" is digitized, and by a mask-matching type of comparison
a feature extraction analysis of the digitized letters is made. Presence
of six features is noted: ascenders, ribbon heignt verticals, curvature
downward, curvature upward, horizontal continuity, and an on-off switching
function derived from the horizontal continuity data.  This information is
stored in token matrices. After a "smoothing' process operating on the
discrete binary elements of these matrices, six analog control signals con=
taining letter information resulted. These six signals were used to con-
trol six parameters of PAT: Noise, formant 3, formant 2, formant 1, larynx
~ frequency, and larynx amplitude. '

Other output sounds were also tried using the NPL equipment. Variations of
the optophone tones were tried under the heading of multidimensional opto-
phone, Learning curves from the several experiments at NPL were similar to
the curves obtained at Haskins Laboratories in 1945, Performance then with
"Juhzi" (a synthesized consonant=-vowel-consonant type of speech-like
utterance) was a little better than that in recent work wita PAT, which in
turn was better than that with the multidimensional optophone. All of these
richer display systems seem better than the original optophone. Dr. Nye
feals the richer displays should be explored, He does not think it neces-
sary to wait for more theoretical knowladge of speech itself.

Dr. Cooper commented that the intermediate machine may prove to be worth
pursuing, and that those who feel they need not wait for complete kncwledge
of speech production may be correct. Hz cautioned, however, that the semi-
arbitrary sounds which could be expected as output from such intermediate
machines may not “'lock into" the speech system, and may fall far short of
displaying the superior information transfer capabilities of speech itself,
Dr. Cooper pointed out that the serially arranged strings of phonemes which
comprise speech are only superficially like the strings of Morse code sounds,
optophone sounds, or other serial encodings mentiomed by Dr. Nye. Current
evidence points to assimilation of speech through a process of decomposition,
or decoding, of the phoneme string into parallel streams of information |
which the brain reassembles in deriving the linguistic units and so the
meaning of the utterance. This parallel processing, perhaps operable only
with the sounds and sound sequences of speech, probably accounts for the
unique capabilities as an auditory signal pcssessed by speech alome.
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Dr. Nye played the gramophone racord ccniaining samples of geveral outpute
for reading machines for the blind (29%). There were questicng about the
recordings and learning curves mentionsd by Dr. Nye. Mr. ¢mith commented .
that the discriminations achieved were among & few words or letters, not
complete fonts or large vocabularies. MNr. Mauch inquired about the pos-
sibility of identifying an unknown zeometric shape using intermediate sound
codes, and also what the effects of vertical misaligmment would be on ability
to use the codes successfully. Dr. Nye replied he did mot know the answers
to thesz questions, and that these things were some of the daunting features
in the work., Professox Bznham agsked for clarification as to whether these .
codes were easier to learn than the ordinary optophone code. Dr. Nye said
that for comparisons. based on an eight word vocabulary a simulated speech-
jiike output was superior to a multidimensional optophone which in turn was
better than the ordinary optophorie. The rate and accuracy were better for
those displays having more dimensionality, or in other words, more discrimina-
tion features between the several words. :

Mr. Smith said that feature extraction wherein risers, descenders, up and
down curvatures, etc, are determined goes a long way toward a complete recog-
nition process. He asked what the advantage was .in stopping short of full
recognition, Dr. Nye answered that the philosophy was to throw as much
burden on the user as possible, to use the computer in his head rathexr than
to strap one to his back. Just to present the visual patterns- in serial form
as is done in the optophone violates a number of rules dealing with the
perception of information by auditory means. The limited processing done

in intermediate systems is introduced to overcome these violations. The aim
is a workable system simpler to use than the optophone, yet simpler in
physical construction than a full=fledged recognition system. -

VIII. CTHER SYSTEMS CF "READING" FOR THE BLIND

Mr. John K. Dupress spoke on computer conversion of ordinary language to
braille. He said he would cover two possible input formats; punched cards
. produced by key-punch operators who need not know braille, and compositors’
tapes from the publishing industry. To date only one full-scale facility
exists for the automated production of Grade 11 Braille. This is at the
American Printing House for the Blind in Louisville, Ky. (30). The system
uses an IBM 709 computer donated by the company about three years azo. Over
100 books have been transeribed to Grade II Braille so far, and the resulting
product is estimatéd to be better than 63% error-free. Statistical informa=-
tion regarding braille has also been compiled using. the computer at Louisville.
Mr. Dupress also referred to computer work on braille at MIT where Gerald F.
Staack (31) found that Grade II Braille saved 25.6% in terms of cells used
over Grade I when literary texts were checked., For scientific and cechnical
materials the savings were down to 15%, 10% and sometimes less. Mr. Dupress
said he mentions this by way of counterfoil for those people who feel that
only perfect Grade Il Braille warrants consideration for serious braille use.
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Theré have been atteupts to write braille programs for smaller computere
than' the 799, but Mr. Dupress said, to*his knowledge, none su far has.preduced
such perfsct braille as the 70° system at Louisville, ' Abraham Nemeth has .
worked out-a program for-the 650 computer, a student at ' MIT working with Ted
Glaser has written one for the PDP-J, and one is being written:at USC for the
‘Honeywell 400,  These smaller machines :generally leave out some: contractions
and have emallér dictionaries.  Some braille experts are very adamant that.

one just should not violate any of the braille rules., Mr. Dupress feels -
this is @ very correct position. He said that a sensible approach to using

a smaller computer would be to séttlé for braille without errors of commission,
but perhaps with some omission of contractions in certain rare words. :.A

little more space would be taken by ‘spelled-out braille in these:instances,

but probably not too much more. o S - :
Regarding conversion from compositors' tapes to braille Mr. Dupress said he
was trying to complete work at the MIT Sensory Aids Evaluation and Develop-
ment Center which was started by two students, Cammill (32) and  Thornhill
(33). At first it was thought the work of these studenté, "Teletypesetter"
tape t¢ input for a-braille translation computer, and "Monotype'' tape: to
braille translator input: respectively would”bé completed at the Center. As
the work progressed; however, it became evident a single more general and
flexible systeri’ could be usefully developed at the Center vice the two systems
first considered. This led to the DCISYS design with capabilities to accept
information in a variety of forms in addition to "Teletypesetter’ and _
"Monotype'" tapes. ‘Various outputs will also- be possible; punched cards to
control brdille stereograph machines, magnetic or punched tape, control™
signals for '@ high-spzed braille embosgser or a.cOmputer-line,printar_adapted

to produce embossed braille, or even eventually control signals for a speech
generator, The DCTSYS arrangement will dlso include a way.for human editing
by a person who need not know much aboui the parti&plars either of thevinput

tapes or the ultimate braille output.

Sometimes orly an ephemeral foxm of braille is required, or at most a few
copies ¢f an embossed document. Mr. Duprese mentioned the. IBM Braille Belt
Reader (34) saying it required more-engineering davelopnént, and the Blanco
braille display developed at MIT byProfessor Blanco. This is a gimple
device using three of the positions in each of two adjacent columns of
Teletypesetter tape perforated in a -'negative’ braille code, i.e., where a
dot iz required no hole is punched, where no dot is needed the hole is
punched,” Rounded-end pins which drop or not into the holes:in the tape

are thus raised in braille cell patterns -for sensing in more-or-less

custoiidry fashion with the ‘finger tips. This unit is being run on reli-

. ability tests at SAESDC, and 1f it stands up, plans call for a subsequent:
' user evaluation study.” - : . L c
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Another possibility for cutput is through use of an electrically operated:
_braille embosser fed with punched car¢, tape, or other storage medium.
Atteupts to electrically power the Perkiug Brailler have not been too
successful. Atteupts to develop a-high speed embosser at MIT haye led: .

to what is considered a fairly reliable unit capable of operating at 16 -
‘cells per second.. Mr. Dupress also mentioned braille~embossing adaptations
of computer. line printers at University of Cincinnati, MIT,.and in ine-
dustry. These have generally- produced dots 3 or 9-mils in height as
.measured by SAE&DC. A British engineer in the Honeywell Co. has used ‘
steel balls from ball bearings as an embossing means in a line printer..
His adaptation.produces fine braille with dots 13 mils high at a rate of ..
430 lines per mipute, It seems that school systems owning computer equip-
ment should, in off hours, with the help of some special programmers, be
able to produce braille, relieving the special education teacher of this

. s.tasl:? P i ’ L B r U

Professor Werner briefly reviewed the results of mechanized braille pro-
duction in Germany saying their error rate was about the same,as in the
English systems described. The German habit of compounding words into
single new words with lengths upwards of 30 letters not uncommon, leads
to problems in machine separating.at the ends of lines. To date only whole
.- words are printed on a line. ..This has caused wastage of about 3% of the
.. space devoted: to. the text. : , :

Mr. Dupress épbke;bfiefly on the low, rate of-grrgrs'found_iﬁ braille re=-
leased by braille=-publishing organizations, feeling satisfied with their
record and in agreement. that. they set, and should set, high standards oi

 braille excellence. Other braille in the field, very necessary and useful
. too, produced by volunteers may.be of lower quality.. :

Professor Jerner said that when some machine-translated braille was sent
around to several blind readers for checking, they characteristically pro-
duced different lists of errors for the same copy.. This leads Professor
Werner to feel the errore in the machine product are not too serious. He
also told of a movement. in Germany to modify slightly the rules for German
braille to make. it more amenable to production by. machines, cL

IX.  CUTPUT/DISPLAY SYSTEMS . = - . .

L
P ™

Professor Metfessel indicated he would speak in terms of his .general approach
to the subject of. spelled-speech, reserving details for his final summary
report to VA.due in the first half of 1967. Spelled-speech is an. output
system based on known material for all persons who know how, to spell in the
language concerned, The alphabet used in the tape-recorded. examples played
at this meeting was described as quite flexible, usable at speeds from 1 wpm
to 120 wpm, Professor Metfessel said almost any spoken alphabet is satisfac-

tory at speeds up to about 70 wpm, but above that problems are encountered,
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With the Mztfessel alphabet nowevar, comprising 26 lztter and 1) number
sounds, any words or nuabers can bz generated at a wide range of speeds
without being tco offensive to tiie listemer, Dr. Meifessel mentioned that
he believes this "parametric' alphabet tu be good up to 120 wpm, but that
rates only up to $O wpm will be demonstraced at the meeting. A general

base in developing the alphabet was to presarve unity yet to have variety.
The work involves some aesthetics here in deciding against pure monotone
pronunciations. The feeling is that “neutral” alphabets, having homo-
geneity with variations, will turn out tao be best, An imporant considera~
tion is the need for "compatability" of all the sounds tovo., This is achileved
by recording a whole alphabet by the same voice or the same tape through the
same microphone using the same bias setiing all at one recording session.

Before playing some illustrative samples Professor Metfessel called for
' greater standardization in methods of measuring and reporting speeds of
utterance in audible output systems. Uhile the unit used in reporting is
usually words per minute (wpmn) , this can mean different things to different
" workers.,

Profegsor Metfessel and Pr, Lovell then played some examples of spelled~
speech at a rate of 15 wpm net including spaces between words to allow ample
time for listeners to write down the words heard. ilithout including this
time for writing the rate would be about 30 wpa. Tue text of illustrative
sentence number one was, ‘'These sample sentences present a special set of
letter sounds one at a time," Beginners with spelled-speech start with
material presented at this rate and achieve. 96% corract responses wien
tagted. Rates betwzen 15 and 30 wpm are often the limits achieved with
other systems after wesks or mouths of training. .

The basis of the current Metfesesel spelled-speech is equal interval presenta-
tion, There are four possibilitiss: 1. the end of each letter can mark

the end of the interval, 2. one can center the letter in the interval, 3.

one can use tie start of tne l=atter as coinciding with the start of the in-
terval, or &. on2 can position the letter randomly within the interval.

The bast results have been obtained when the start cf the letter and start

of the interval were made to coincide. A longer interval between words and

between sentences helps.

The same sentence was then illustrated at 10 wpm net /still quite intelligible
to your untrained editor of thesg noteg/ or 30.1 wpn neglecting the spaces
between words left for writing /the spaces incidentally helping a pure
listener too/. The came sentence was presented at S0 wpa with writing

pauses between words and was still quite intellijzible as was also a new
sentence at the same speed, “You will hear some words at the rate of spelled
speech later in this session,"
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To produce these sounds Professor Metfessel 'cut down” the natural letter
sounds in certain ways -- sometimes at both ends, others at only one end.
In the rules to be publisghed in the final report, one will find all the
experience gleaned during the course of this project relating to how
letters can best be “tailored" for purposes of time compression.

Ac a lastaexample of spelled-speech sentences the professor played the same
sentence number one plus some new ones at about 90 wpm but without extended
pauses between words. He described this as the normal presentation _mode

~ for people who have some training and familiarity 'in the system. [/These
materials were less undarstandable to your editor, but much of the meaning
got through./ | :

An illustration of the means of getting the recordist to produce the letter
sourds was then presented. A set of sentences followed by letter strings -
was used, and then desired letter sounds were isolated from the strings,
e.g. ‘“Let the boys bring the cheese in the PQRST." The "R in PGRST could
then be isolated on the tape and used as one of the alphabet set. Another
related way used to get sounds was to have recordists spontaneously read
gentences filling in missing ending words. .lithin thece sentences were
letter pronunciations which could be isolated and used. For example in

| the sentence, ''Ten storiés up was the (office). the ‘2n” of Ten was used
; as an "n" sound, or in "Every girl on the beach deserved a (prize). 'the

f "bea’’ ¢f beach was the "b’ sound. ' C

Mr. Dupreéé inquireh whethet there was any material at 120 wpm whiéh could.
be demonstrated. Professor Metfessel replied no, but said such a speed
would be reached with compatible spelled=-speech.

Mr. Rogers asked about the span of attention for spelled=speech vs. regular
speech, and Professor Metfessel said he has only made a start at getting
data which would enable him to give an answet. |

Dr. Cooper said the principal emphasis of his work for VA was on audible
outputs for high performance reading machines for the blind. High perform-
ance meens at sufficient rates to satisfy users who wish to read extended
texts of considerable lengths. Realizing there may be room for argument
Dr, Cooper's underlying assumption was that to achieve high performance the
_machine would have to 'talk English,” i.2. have a fairly natural spzech-
like output rather than ome of the coded ones., ‘

Dr. Cooper had prepared some written notes and -a set of slides for his talk
in association with lMiss Gaitenby, also of Haskins Laboratories., Much from
these notes and slides has been included in wnat follows, edited and expanded
on only to the extent thought necessary to put the materials into the format -
of this paper:
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“ihat Miss Gaitenby and I shall have to say about audible outputs for
reading machines will be, in part a general discussion cf problems and
possible solutions and, in part, a status report on the research under-
way at Haskins Laboratories. It may help if I start with an outline of
the topics we propose to cover,

TOPICS

1. Reading Machine Research at Haskins: Aims
(Sponsored by PSAS, Veterans Administration) -

2. Vurieties of Speech Cutputs from Reading Machines.

3. Report on Haskins Reading Machine Research:
Past work on Synthesis=by-rule; Interim Word Reading Machine

Compiled Speech; Demonstrations

4, Feasibility of High-performance Reading Machines.
Relative Merits of Various Types
Time and Cost Factors
Major Problems

5. Current Work and Plans,

First, we shall say very briefly what we think the problem is,
what the aims are of the research that Haskins Laboratories is doing
for the Veterans Administration and where this work ‘on reading machines
fits into the Laboratories' overall speech program.

% Next, it will be useful to distinguish among the various kinds of
’ speech output that reading machines might generate, and get some names
attached to generic types. :

i Third, we shall report on the status of research at the Labora-
: ~ tories, with some. demonstration recordings.

Fourth, we shall take a general look at the prognosis for speech~
type reading machines, considering the advantages and disadvantages ofi
several types, and estimates of how much longer their development may
require and about how much it may cost' to poperate them,

Finally, we shall say what we plan to do for the next several
months.,

Let me start, then, with the aims of the Haskins program on ‘Audible Cutputs
of R.ading Machines for the Blind”, The title is less specific than the

e v A e R A G e e i i s e
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actual research aims, in that it implies a search for the. optimal compromise
betwaen the needec, of the listener and the coust and complexity of the machine.
There wmay well be a need for such research but, .in fact, we are starting
from the assumption that only spcken Englieh will prove acceptable for a
high-performance reading machine, and that the practical problem is, there~
fore, to find out how to jemerate acceptable speech in the best and simplest
way. We think therz are good reasonc fOY insisting on speech as the output;
we have discussed these reasons at’ lengti in various papers (35), (36), (37),
and so will not repeat them here. Lo oo

There are various ways to get a speech output, and I shall describe some of
them in a few minutes. All redquire information about the identifies of
letters or words, which means that a complete reading machine requires
¢9ptical‘character,recognition as well as speech production. e have not
included the (CR problem in our research, however, because we have supposed
that that problem would bz solved for the business comnunity by the tiie we
had a workable system for generating speech from letter information,

The aims of the Haskins program imply long-term basic research, though

certain practical aspects are baginning tc euexge. The work on reading .
machines is mainly on how best te produce acceptable speech from letter-

by~-letter or word-by-word information. Because this fits so closely into

other work that Haskins lg deing on speech perception and production ==

and, indeed, depends §O heavily on this othar work == it may be useful to

indicate wherza the reading machine problem fits intc our overall program.’

Slide 1 is a display of these several projects showing how they all serve, |
in one way or another, the reading machine project. ;

Dr. Cooper used Slide 2.to show how synthetic speech enters into the research :
-at Haskins, and into the design of a reading machine system for the blind. :
Steps 1 to 3 carry the process from the letters on the printed page to the §
phonemes on which the synthetic speech is based. Steps &4=7 in the left colunn
of Slide 2 show research steps already taken in the laboratory, those in the
right column show what nust be done to incorporate these ideas into a func~-
tioning cutput system.

Slide 3 shows a second type of speech output, compiled speech, Here one
first assembles a dictionary of word recordings. Any new message ie then
produced by rearranging these pre=-recorded woxds in the desired new order.

A third type of speech, re-formed speech is the subject of Slide 4. An
advantage of itals system over compiled spzech is that there is opportunity :
to modify the stress and intonation of an utterance to improve naturalness. :

. Less storage capacity is required to store control signals for a given :
number of words than to store the word pronunciations themselves as in
compiled epeech.
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Synthetic Speech:

1) Printed Page
2) Optical Character Recognition
3) Spelling —» Phonemes

- HL Research Prospective Reading Machine

4) Apply Rules for Synthesis 4) Apply Rules for Synthesis
‘to get ‘ to get

5) Hand-drawn Spectrogram. 5) Control Signals equivalent

to a Spectrogram.

6) Use Pattern Playback 6) Use C.S. with a Formant-
to hear | type Synthesizer

7) Synthetic Speech, to hear

7} Synthetic Speech,
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Rules for Synthesis Hand=drawn Spectrograms 3kb
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Complled Speecﬁ:

1) Printed Page 1) Teletypesetter
+ or Tapes
0CR J
l ( * STORED VOCABULARY
(ox cards or mag. tape)
2) the 3) Use the spellings
words to find volce
of recordings of L7 Zule
the the words. p of F
” u v
sentence  [avrést . Lulu
a
Vaice recorlfnj
of “a” '
4) Rearrange cards to say
the werds oFf [Ehe [sexrlcnce
though not in the order in which they were
. spoken when the priginal recordings were made,
Note: The Interim Word Reading Machine performs the same
operations, but uses a vocabulary stored on
multi-track magnetic tape. ake

Slide 3
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Re~formed Speech:

1) Printed Page

+
OCR

Teletypesetter

Tapes

J

]

2) - the
words
of

the
sentence

3) Use the Spellings

)

5)

to find stored
control signals,
word by word,

Modify stress
and Intonation
for Naturalness.

Use control
signals to
drive a
Speech
Synthesizer

6) Output 1s

Slide &4

COMPUTER

_y/DISK FILE]

Sentence Order

Modified
Control Signals

{*,
Control Signals in

L

Forman¢-

type
| Speech

Syathesizer
i

]

Reformed

Speech




Dr. Couper then went on to. say ha feels SYLLhELlC gpeech is. tue correct way
‘to provide’ output For. a reading machine for the Blind, He referrzd to ‘the
+ ywork at Haskine whevein yulee for synthevis have been doveluped and where
much attention Liaé been given tc ttudiss of the acoustic cuse’ idr gpeech in
various contexts, to intonaticn and stress in speech. He uentioned that ‘an
interim word reading wachine uad been built, but that advances in technology
azd pretﬁy*mucu made tnlc dev*ce for mach ne 5p1101n° of pre?fecdfded“wad
sounﬁé obsoleta,  ° ~ B B

.. e . - . " - . . . . e ey e
s f Y . ¥ . R i ! “, - "a “ .":. (4 TN

" Miss Jane Gaitenby conducted’ a damcnstration cfVYcome materials produced in
- the comp*lad-speech system.  She pointod out ‘that words hot” in’ the 7100dword
pre-"eccrded group are spelled out i the present Yecordings, Words that mneed
spelling ar: precisely those which are long, unpredictable and often with odd
spell“ng. They thus are not always readily jrasped cn first hearing. Tae
”flrst tape Miss Gaitenby played was & one-minute selection paced at: 33 words
per'minute Gwitn the overall averaze epeed redicéd by, inclusion of some spelled
words which také loumger' than pronounced words).” 'The words "1ntentionally“ and
v "unintentionally" were spelled out. ' M:iss Gaitenby alsv noted that certain
suffixes were stored in the ‘vocabulary to increase its’ size," Included were
the plural *s,” tue ‘s for third person singular of verbs, the ed’! stored
as voieczless “t,” and a sound fof the su’fi* Head - The same selection was
- played agédin, but'at a slower word rate,. Mics Gaitenby tcld how the varia-
tione il pitch and loudness were mostly 1ntentional, introduced by the re=’
cording- speaket in respcnse tc instructions. provided to him. "The rationale
- for- these ingtructions was’baszd on linguistic knowledge of the- probability
-that a giver word 'would be used as a ﬂivon part of Speech, at a given point
in a parase; with'a given stresc ard 1ntonation. Slide 5 was used to illus~
“trate some of this llnguietlc~p*oaabilistic thinking. 'The. larver the circles
in the slide, tuz morz the strece on that particular vrammatlcal part of speech,
in general. Also the weighte of the directed segments between circles in-
‘81Cate the relative’ probaoilities of occurrence in ordinary texts of- sequentzal
transitions Between the parts of speech ghown’ (43) Mics Gaitenby said  that
nouns tend to occur at the ends of- phraees or sentences. ‘Wards ' couing’ before
‘such ‘pauses’ tend to be longthened in time’when spo&en, and usually with a
falling frﬂquency and 1nt~nsity*pattern. 'The recérding speaker for the
ccmpilnd- speech dlctlonary was 1nstructed to record nouns. usinw such'a pattern,
Corresponelﬂnly, prepositions were recorded with low pitch ‘and® tntensity as
thig- is the way they usually cccur in spsech. Verbs present a problem ‘bee
cause of their relative unpredictability as tc stress and placement in a
sentence, C‘1:1.de 6 shows the intonatidnal’ patterns the recording speaker was
instructed to use. ‘These data are’ basad-cn linbulstlc observations as well as
80m°‘acoustic measuzéinents. "Miss Galtenby then referred’ brxefly to'a suzges=-

" tion of Gliver Selfridge made’ at the 1962 Internat;onal Congress on Tedhnolo
and Blindness wherein he said he ctuld not see why 80 much- attention is given
to inflection and intonation in reading machine outputs. No such informatiocn

- appears on tne printed page! M:ise Gaitenby said that while there are no notes
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on;a'brin:ed page, iqdepéq&eﬁi'reade}s all tend to éuﬁplf?étrikingiy similar
reading patterns for a given text., Sue feels the pitch, intensity, and timing
infoxrmation is. embodied in the words themselves and in a way is thus on the
page. .. ... S B v SRR - :

In the word reading machine ‘only. one pronuncietion of a given word is stored,
Bearing in mind the information in Slide 6, as a general rule a neutral de-
livery was sought for the one stored utterance per word. For texts not re~
quiring any spelling it was found that passages could be speeded-up from the
.102 wpm recording speed to 120 wpm (just by capstan change with accompanying
pitch escalation) without loss in intelligibility.. .With spelled words in=

- ¢luded, a lower rate, in the order of 30-100 wpm was found to be better.

.After a brief description of the word regding machine built at Haskins, Miss

_.Gaitenby played a tape sample of its output at 80.wpm., A last tape, slowed

““to a met rate of about 31 wpm due to a fair amount of spelling, was then
played. This tape included brief 400 Hz "beeps": just before; and after spelled

portions to alert the listenmer to the format mext to be expécted, -

After Miss Gaitenby's demonstrations Dr. Cooper resumed his talk going into
the possible variéties of reading machines which wouid produce the three types
of. audible output being considered at Haskins:, synthetic speech, compiled
speech,. and, re-formed speech, Slide 7 contains the bulk of the information
presented by Dr. Cooper. . At the left side of the slide are listed the several
speech producing systems. At the right side-are the, types of speech produced,
.and in-between.pgre the steps necessary to go from letter-by-letter informa-

. tion from an OCR (optical character recognizer) to speechlike outputs of . the
_geveral kinds shown, . . . : P ‘

-

~ Dr., Cooper. made some estimates.as.to quality of speech and speed of operation
_of the several speech-producing systems. These data, rough "horseback ..
guesses,” are tabulated in Slide 5...8imilarly rough guesses as. to the ,

operating costs .of the several systems are tabulated in Slide S.. Dr. Cooper

said the general conclusion from these quality,, time, and cost data, is

that the phrase reading nethods are best for reading machine outputs. They

give good quality, use only wedium sized computer ‘facilities, and have .

estimated operating costs only one to two times those for human readers. .

In conclusion Dr. Cgbpei pfedicté&;@ﬁat vithin a few ygafs'the technical .

. problems will be feirly well solyed. and the problem areas will shift to the

. organizational. Whether or not these high-speed, high-capacity systems will
be used will be controlled by whether or not. there are organizations func-
, tioning to make such use practical and: efficient,, . e .

PR 0 vy ) i . : PR |
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SYSTEM

1) Synthesis-by-Rule

2) WRM/A

WRM/D

3) PRM/1

4) PRM/2 .

5) WRM/S

* Egtimates of relative quality on 1 to
*% Speech needs to be fairly deliberate

Slide &

SYSTEM
1) Synthesis~-by=-Rule

2) WRM/A

WRM /D

3) PRM/1
4) PRM/2

5) WRM/S

Estimates of Tuality anétSpeed

SPEECH
QUALITY*

3=liek

Sl

S%k%

10

[

Estimates of Uperating Costs

SPEED
FACTOR

20xRT
1/30
1/4

1l toé

30 to 300

300

COST OF

SYNTHESIS*

$6/hr
(high)

5160

$10 to 40
$ 2 to 10

$1to2

OVERALL
COSTS**
$11/hr
(high)

$165

$15 tc 45
$ 7tols
$ 6 to?

Slide 9

EQUIPMENT

Large computer(?)

Experimental Basis
with Interim WRM
Experimental Basis

with Computer

Medium to small computer
with disk files

Large computer with ca.
100 K core memory

Medium size computer
with 32 K core memory

10 scale
for good intelligibility

COMMENTS

Special hardware could
cut costs of synthesis

Cost high if computer
used for control, or to
build control circuits

Experimental basis with
small computer

Pepends on system size

Depends on system size

Depends on system size

% Costs are per hour of output speech on user's tape.
** Costs ® (synthesis) # OCR @ $2/hr # labor & materials @ $3/hr,
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which ard the séunds of a’dictionary’s phonetié symbols. ‘His"firm &an also
“do re-forméed speech. H: said Cognitronics ‘is hardware criented and could

. from storage and assembled into the words of thg messaze,. .Mr, Shepard then |

MY

TN

Professor Bznham next introduced M=, David Shepard cf Cognitronics, Inc.
Mr. ‘Shepard said his company has been sellin speech composition ‘equipment:
for some ‘time, and ‘that it is in tige in a congiderdble rumber of applica-
tions., There are two series of ""Spéé'c’maaket‘sm“ oti* the market) the 630
series ‘{hcluding a digits=-cnly mcdel’ and & 31<word model,  the ‘670" series *
ranging froa 31 to'139 word models. - All’ vSpaschmekers B+ consist of rota-
ting cylinders ¢arrying a plurality of photographic sound tracks, each
track tibdulating the light directad to a separate photocell ' (39)% Méssages
can be' composed by’ selécting’ the’cutput from Words recorded. on thé’ tracks.’
The Selection can'be upder control Of a computer, a tdpe, an optical =~ -
charactér tecoghizer or similar'selecting meésfs.”’ The’ current prices range’
from under $1000 to sevefal thousands for these models’, R
Mf. Shepard pointéd out that’ Cognitronics’ has also béen engaged: in speech
éynthesis work for gome tiiie. Their’ approach has been to treate intelligible
epeech based on the sounds of the phibtetic sypbéls next to words 'in an |
ordinary*dictionary. ‘ Pibple with a few hours exposure td &peech produced

by Cognitronics in this way usually can understand a new sentence produced
the san  way. Mc. Shepard enlisted the assistance of the group by asking |
them to‘write down what they hear later in ‘the prograu when” Cognitronics="
synthesized speech being’ produced in the’ plant ‘dt Briarcliff Manor, N.Y,
will be:presented to'thé'méeting via'a telephone hook-up. 'Mr. Shepard ‘' "~
emphasizad’ that this speech is ‘tomputet synthegizéd frci stored elédents ;-

P

benefit’ from "thé

1inguiftic knowlédse of Haskins'Laboratories.. He feels '

=

T P B R TR R T e

_thet the cfily problens’ ¥emaining with speéch synthésized from phonmetic eli-
ments’ are in the “software' areas.' A table lookup to enablé” the computer 'to
conveit from letter-spelling to phdmbtic-symbol will be required t0 get an’
optical ¢hatactersrecogni%ing front-énd to "gpeak” words. On the basis of
a series of teste conducted at Coznitrorics, Mr. Shepard said that ‘spé‘ech7
can for_ the most part be put together by stringing syllables one after the. ,
othei. ' Thneré are @ few minor excsptions, for eXanple with r, and’l which™ ,’
often fun 1Ato adjblaing gyllables. ~.° | .- ol [t T
Prgfés',sdr,n_néhhétix _asked Mrz- ‘Chepard’ for‘elarifiecation as” té details 'of the :

Cognitronics spaech, sypthesis method, and Mr. Shepdrd reiterated. they punched

_the message in a tape using the phonetic symbols”snd accent marks found in

ey

an ordinary dictionary instead of. the, }ei:g:e;:spe,ilji.g’ng,, Tais tape, then con-
trolled the automatic release from thage’ccmputer of gtrings of sounds ‘taken.

F

conducted a demonstration of the output of his synthesizer by regeiving via
the . telephone line from Briarclifi Manor the “fellowing sentence. repeated

several times: ''This ic a speech synthesic maching.” Messrs. Dupresg;and.

Lauer, both said they got the mesgage’ correctly after the second playing,,

.

others in the audience taking rnuch longer.
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There were then Zurther questions on, the ;glet_.a;i;'ls'; pfm iCogpﬂ:nohic.s_ ' synthes ie
process. . Mr, Shepard said -that the stored phonemes were changed before

utterancé depending on accent marks, location in sentence, and proximity

to punctuation, , /This. is somewhat analogous to the digital spectrym mapi-
pulator's action in.Dr. Caoper's synthesizer at Hasking,/ o o
Mr..Dypress then remarked he. thinks it. idle to consider only one- solution
to the reading problems of the blind. "A variety of systems have their
place, and some may become more important as the publishing industry, be-
comes more automated and as volunteer personnel skilled in the computer .

e

arts turn some of their effbr.t'q.'g:o,a..llg\'riat;gwj:'ga'gling._probléms. of the bli.nd;.'

Professor Metfessel inquired of Mr . .Shepard whether he can put together any
words-at all from his phoneme store. ‘The reply was yes, but some doubt was

-

expressed that the sound would be understood. -Mr.. Shepard feels improve-' -

F - 1an k4

ments in the software, [i.e. linguistics and phonplogy of the s:ityatiéé?.%;;

w.oul‘;.{-]:ea-d -’t‘? .@waeﬂeﬁto_q: R S A PR

Sy

-

Dr, ,‘:;__J'k'ﬂ.ie_thade. a plea for c'o;hé'idéif}i.ng_' the problem 'gf sus tained r'éid'ﬂng'p;“
a blind person for recreatigonal purposes. 'He pointed out that upper limits

of 'speed..fo:"systemsﬂ mentioned 8o far seem around 100 wpm whereas ordinary

v

speech speeded up by a factor of 4 in the "Tempo Kegylator” (40), (41) is

almost jimmediately intelligible,  The ear. can take, in very rapid speech,
and to be significantly better than Talking Book_these outputs too will have
to be usable at high speeds. gﬁm'editojﬁ wishes to mote that mot all

reading is for recreation, and that for some tasks slow speeds on the order

of 10-40 wpm may very well be usefal. ,Speeds in this ‘range using optophones

. . L3 AR

have been achieved by Miss Jameéon, Mr, Lauer, and a few others who &ll .

report positively on the values of independent reading even at such Low
speedls-..l -». ) -', 2o .--. __"" .v“..“. | '. .q‘.;,-‘ . -: . “. . . |
Mi, Alfred Korb of the Division fér the Blind and Physically_Handicapped
of the Library of Congress [simce retired from that position/ made some

remarks on speech compression. He first made a distinction between "rapid’
speech" which is speech speeded-up by increasing turntable or tape speeds
with associated ‘pitch rise (monkey chatter or Donald Duck sounding in' the

~ extteme), and “compressed speech" which is’ time-contiac¢ted but without the
pitch change, He also spoke of "fast speech” which is produced by a speaker
speeding’ along like Walter Winchell at .speeds of about 200 wpm. The trained
readers producing recordings for the blind usually ‘go at 150 ‘to 175 wpm, -
$ome braille readers read at S0 wpm while the usual 12th grader reads silently

i

at about 250 wpm.  The aim thus is to

“speéd pp the 150-175 wpm “Talking Book"

P T T LR I SR TP N L

recordings’ to at least the' 250 wpm reading rate of the high school senior.
Mr.'Korb then referred to the early work of the late Dr.'Anton Springer in’
Germany who obtained patents on-an acoustical pitch and tempo regulator 'in .
38 :
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the early 1950's, and to Prof. Grant Fairbanks (42) who published on a
compression-expansion method in 1954, Mr, Korb then referred to a return
post card survey the Library of Congress made on the desires of their
listed "Talking Book" readers regzarding compression. Mr. Korb did not
indicate that any clear conclusfon could be drawn from this survey. The
Library of Conzress has 30,000 people in its "Talking Book" program, per-
haps from 6 to 106 years of age, and at all levels of intellectusal attain-
ment. The Library considers ‘it shbuld use only that degree of compression,
perhaps 15% or maybe even 30%, which will produce recordings requiring no
special training for use. High' compression rates used by some experimenters
could not be used in General Library work because the average home reader
would reject such materials., | |

Mr. Alan Beaumont of the Solocast Company gave a brief telk on his portable
phonograph, the “Solocaster,"” désigned with the special requirements of
blind users in mind. The unit is transistorized, operates from a recharge=
able nickel-cadmium battery, is portable /3" x 3% x 9", weight 4 1b,/, can
be played while walking, riding, and with the case in any orientation, pro-
viding 60 minutes of playing time from the 7%, 16 2/3 rpm records used. A
special machine built in cooperation with Recording for the Blind, N.Y.,
N.Y. 10022 has adjustable turntable speeds from 14=35 rpm. This enables
users to achieve some of the time-saving benefits of rapid speech. / test
program with VRA assistance JVRA Project #RD-1903-S/ involving 200 of_the
variable-speed machines gives promise that the idea is a good one. [In a
later report dated September 1966, lMr. Jasha Levi, Project Director at
Recording for tne Blind, indicated that “Thqvproposed functions of the
machine - variable speed, forward and reverse scanning, instant start and
stop, mobility of the unit - are ideally suited to the needs of the blind."
The wachines will require improvement if they are to provide reliably these
desirable functions,/ | -

¥. RECOGNITION MACHINES

Mr. Mauch was first speaker at this sesgion held the afternoon of the second
day of the meeting, January 23, 1966. He pointed out the many differences
between recognition machines built for commercial purposes, and those de-
signed for use by the blind. The commercial machines. are expensive, some
costing $175,000 or more. They are also heavy, fairly large,.and often
operate only with 'cooperative' type fonts especially.designedwté’simplify
the proplems of machine recognition. Multifont readers are even' more ex=-
perisive, heavier, and larger., Commercial machines usually have outputs
designed to feed other machines such as printers, computers, or tape systems.
These machines are also very fast. To justify the high cost ‘they must be
fast enough to replace perhaps 10-15 persons.
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Quite on the contrary, machines for the blind must be relatively slow to
allow for comprehension of the material being read and to enable the
designer to meet certain cost, size, and weight limitations set by the
practicalities of this application. The cost of a personal recognition
reading machine for the blind should certainly not exceed that of an
automobile, /and should preferably be less/. The unit should be portable
like phonographs or tape recorders. It ghould be able to '"read’ some

9-12 fontg, perhaps three each of the most common ones used in newspapers,
for typewriters, and in books or magazines. If nine fonts can be success=-
fully "read," the chances are others will be "read” too but with less
reliability. The audible output of the Mauch personal recognition machine
is comprised of "words' formed from the sounds of Professor Metfessel's
spelled-speech alphabet. The close presence of the human user of a personal
reading machine thgpughout the reading process enables the designer to
assign many functions to this user. The user must find the text on the
page, set it right side up, aligm it to the guided scanner, note ends of
lines, be able to change lines, keep on the line, scan, stop, repeat, '
change speed, establish degree of magnification necessary for proper opera-
tion of the recognition system, note whether regular type or italics, etc.
It is the capability of the user to perform these manifold tasks that makes
possible the design of a personal recognition machine.

While there are only 26 letters in the English alphabet there are many
more characters in a font. A machine to recognize all alphanumeric
characters in a font as well as special signs and symbols and foreign
marks again becomes too complex to meet the stringent cost, size, and
weight requirements of a personal machine. A compromise must be accepted
between machine capability and couplexity. The current machine at Mauch
Laboratories has room fcr 31 different cutput sounds. These will be for
the 26 letters (capital and small letters sre separately recognized, but
control the same spelled-speech sound letter-by-letter) and five printing
ligatures, fi, £fi, £f, fl1, and £f1. Note that nunerals are not included
in the automatic recognition capability of this unmit, Numerals are quite
important, often can't be determined by context, and must be reliably

read. To allow for the blind perscn's reading of numerals, finding and
orienting the text, setting the proper magnification level, etc., something
more is needed. The unit of the Mauch Laboratcries’ systen supplying

this need is the "Visotactor A." This optical probe which fits the hand
and is used with the “Colineator™ contains a linear array of eight photo=
cells as well as a selectively positioned set of 12 additional cells, all
20 cells occupying no more area than a dime. The eight cells in line
respectively control eight fingertip~stimulators, two each under four
fingertips of the user's hand. When the images of dark portions of indicia
on the page pass over photocells of the linear array, corresponding finger-
tip stiwulators are set into vibration. A form of tangible replica of the
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ink print on the page i& thus fed to the biind user. It. is by this tactile

facsimile method that the user of -the Mauch 'device will "resd" numersls, _
marks,.and signs not accommodated by the 124cell ‘recognition array and
assoclated circuitry. The orientation, sligmment, and msgnificstion-

- getting tasks are also accomplished this way. ‘Using the recognition

machine, the blind person will -always have his fingers’ in the "Visotactor ',
A" finger rests.- He will thus always have a tactile signsl both along
with, and during the absence of automatic' recognition action, For many
letters and words he will have & dual input® system, ‘tactile and auditory,

a favorable combination which should improve speed and accuracy of reading.
The whole system:was successfiilly operated in the laboratory in November, -
1964, - Less than 100% recognition adcuracy was achieved, but eonsidering
the: redundancy of ‘ordinary English text, and the powers of correcting by
context, the mistakes were tolerable. L . .

e
. ;. xe, [

MrgJSmith then gave some  detatled information on developments st Msuch
Laboratories .(43)v He indicated first that the developments to, date have
been of prototypes, and-that it will be’ several years before any of the _
units . will' be available for general’purchasé.” Outlining his talk, he said
he would cover the "multiplé snapshot! recognition téchnique, the: bench-
model laboratory-prototype: recognition ‘machine now completed, and the unique

way. in-which the Mauch word synthesiZer provides an audible. output based on.

the Metfessel alphabet of- spelled-speeeh sounds, ‘Mr. Smith then presented :
a series of slides. The first slide was"of thé twélvé-cell 'photosensitive
array showing how" informstion from’ the* imsge of‘s letter "d" is sensed and
sent to the temporary memory circuits. ~Mr. Smith ﬁentioned the rectsngular
slabs of photosensitive material and the edBés alonug which their electrical
connections were made. He showed how a thin shadow line cutting across a
cell somewhere between the ‘electrode edges caused s much’ greater xise in
resistancé than the same thin,line occurring on’the cell 50 as to leave
illumindted conducting paths between’ electrodes. "He ‘also referred to the
"snapshot" -techmique wherein one of ‘the 12 cells designated the trigger .
cell -operated on eack: pssssge from white to black, or biack to white, to
cause -the .recording of thé”states of illumination of selected cells.in, the
array, this information being routed to temporary memory circuits from
which.the aggregate information from the several snapshots is later decoded
in a diode matrix to effect ‘letter identification. Note that the states.

of all-cells in the array are mot stored for each snspshot. Depending .on
the: snapshot sequence number as the trigger cell alternates between white
and black as the letter pasges, the states of cells of .interest are recorded:-
in the memory,-whﬁle those found not necesssry by prior studies of the’ fonts
are-not recorded. I .
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The second siide showed a block diagram of .the .recognition prototype. The-
“Vigotactor .'" forms the hand.moved optical probe sectiom containing the
photocell arrays, .The cell state information.is quantized into -one of ‘two"
states, '‘black’ or "white," When .focur particular cells gsee .Yuliite sinule-"
taneously this i§ an indication of ‘end of letter.” The machina then decodes
the stored information thus identifying the .letter, recodes. the letter
information into five-unit Teletype, code and sends the signal to the word
synthesizer where thie letter's sound is generated.. After appropriate short
time delays all circiiitﬁ are cleared and reset for the:next letters: . -

-~ !

It the third slide Mr. Smith showed the optical bench setup for testing the
cell array. The first array was, designed entirely on paper ‘bearing in mind
the gereral shapes of letters in the fonts to be recognized. Then letters '
and 1igatures of the nine fonts to be recognized were photographed from type
- style books, the letters were sorted, and gslides made bearing, for example,
all the g's of the set. The slides were. projegted on an enlarged represent-
ation of the plictocell array and the operator noted and recorded the cell
states in a punched-card system. A study of the cards was then made to --
determine whether recognition would be feagible for the cells used im.the .
‘-gnapshot systeém. Necesgary,‘;agljhstqtents in ynit photocell sizes and locations
were made to insure unique recognition. On completion of this projector=
paper screen process where.the; array was just drawn on the screen.(five:times
larger than the final array), a five-times largey actual cell afray was -
constructéd to test the actual circuit action as.the many letter samples -
were projeéted onto the array.. A smail "flooding' lamp'was used to degrade’
the contrast at the test array of the fine slide images to .approximate = -
levels which would come from actual print images. :.. i |

The’ fouréh"‘sltde"shoﬁed't!fé’i'#iihiatute array used in, the ‘'Vigotactor A.” !
Mauch Laboratories had to dévelop the process for making this small, com-. ‘"
plicated “drray because commercial manufacturers were not . -interested ‘in such -
a’ low quantity, highly diff icult, development job, Special photo-etched '
masks were made, through the openings, of which indiym was deposited in a
vacuim process onto slabs coated with cadmium selenide. . The.indium provided
the conduéting electrodes, the CdSe the photosencitive material, The .
necessary insulating areas were then produced with the aid.of another mask:
and' an "Airbrasive" unit which was used to .remove CdSe as necessary to
produde ‘the required pattern of insulation., The .array was .then encapsulated
with ‘epoxy under a glass cover plate with silica gel included as dessivant..

The £i¥th slide showed the recognition machine prototype, a unit featuring
so prominently an ‘indicator-lamp array, useless to a blind person, but’very
helpful to laboratory personncl working on the development of the unit.

The input connection to receive the lead from the “'Visotactor A" was visible.
A bank of 12 of 13 lights shows the states of the Schmitt trigger circuits
responsive to the light or dark states of the 12 recognition-array cells.

A group of 27 of 36 installed lights is used to display the states of the
memory units, and a bank of "output" lights indicates continuously the letter
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identification being made by th2 machine as its procese unfolds, For
“ex@mple when a “d" is béing scanned from left to right the machine will
first "cee" a "¢" and 56 indicate by ‘saowing“an illuninated lamp"at the
¢" location. ihen the whole "d" is“seen, the ‘c" lanp‘will go out and ™
the lldnwill come on. ‘.o . % - o VAT P L
Mr. Smith's sixth siide showed & plot of recognition accuracy versus “
vertical misaligmment of the probe relative to the line of print,' The' -

?

data fot this slide vere ‘dbtained ‘by mounting the’ Visotactor probe oii“a *

.

micrometer-feed stage to opérate in cocperation’ with printed typz on'a

‘rotating ‘drum whose ‘speed” could Be varied to achieve ‘different reading’

rates. From center pogition where g1l 26 latters were correctly récog=-
nized the probe was shifted dbove and below in steps of'2.5% of the-height
of 8 lowet cage "x." 'The curve shéwéd the device’ quite usable when miss
alignment was- up_to 10% of the "x" height, Plans are alre~dy made for a
Mark II devigce wiich should bé more tolerant of ‘misaligniént, ‘and which
will operate at higher speeds.” "The seventh”slide* showed 'the laboratory’
apparatus. described ‘above intludife the type drum and micrometer stage.

e RSN e DL LN S A AN PR U B L .

Slide eight showed the "Word Synthesizer" (44), the oldest of all the
component ‘parté of the Mauch recognition machine, Mr, Siith then explained
the operation of this electtomechanical device comprising- 160 stainléss
steel spring arms carrying taps recordings of speiled speech scundé at -

' their "flag" ends. There &_g‘e,fi‘\ié.refpl‘it:.a_t’:ibn's' 'of ‘each sound to allow for
‘multiple use of the same ‘sotind in a given word, 'The’ grmg are constantly
“urged to rotate by virtue of their slip-clutch mounting on a central *
rotating shaft, but only selédcted arms telesied by’an unldtching mechanism
actually move from their storage locations to a line-up position where the

eleméntary spelled-speech sounds (on tapes on' the "flags") are asgembléd
* {fito sequences (words). The "word” then passes the playback head and ig-
reproduced in the speaker as & compact’ spelled-speech word: A tape ré- -
cording of the word synthesizer’ producing "The quick brown fox .jumps over
thé' lazy’'dog" in spelled speech was then played: - This sentence involves *.
4% lettérs and spaces and takes nine ‘and a half seconds time fabout 56 -
five-letter-space wpm, ‘but becausé the imter-word spaces are longer than_
the individual letter spaces the imtra-word speed is ‘Highet” than' 56’ wpine/

The remaining three slides stiown included one' of the word synthesizer, one

of "the locelly designed perforsted tape reader which ‘#llows’' control -of tie
word, syathesizer by a puriched tapé, and ‘one of ‘the special té-recotding
device comprisinf a turntable ‘to’permit magridtic tapes to be*played back
wiien f£lat-uountdd ‘on the face of the vértical rin For comcutrent re~recording

in ‘an arc on tape fixed to the flat surface of the disel, -
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SpeakiggJowauturevpiénshﬁx.‘Smith said the existing prototype ﬁill;be géﬁt

in the labpratory and & Mark II desizned with new photocell array and

matrix. . Rather than trying to give, each letter equal euphasis in terms of
recognition capability of the device, rare letters like the capital “G" ',

will be given less attention wita concurrent improvemenc in ability with ’
otheér letters. Mx..Smith said he had.no information on_ the influence of

errorp -on perception of spelled speech, whether comnon’ letterg or the uh-
common ones,. in particular instances, carry the most significant cues for
perception. The pregent unit operates at 35% to 90% accuracy on the nine
selected fonte. .1£ prevalence of lower cace lettexs is included as a . .
weighting gqctar.thé_acqurchcis higheg. The Mark II unit will be designed

. B PR e . o’ .

to allow greater tolerange fox vertical mistracking. . Unimpaired operdtion

» .

with up .to 10% yertical mistracking ;Sithé'gQél,fgrltﬁe’nequn;t,

A brief diééuséiénﬂthé@dgnsdéé}bthg§57Mr..Hathawéyfaﬁdgﬁpi;Smiﬂh on thé
relative values. .and quglexi:ieg,pf“a,mgphiné,with“pﬁOQQﬁiC.ﬁetsqs épelled
spegchjogtpgt,myﬂr,‘S@ithﬂ;ndipatedmtheﬂmachiqg'cbuldﬂﬁét be as small or

o .
E 3

as simple if the grapheme to phoneme translation were also built in,

{DraEWhigeQiﬁqnixgg;hbgqt'phefpgégibilitieéiéf‘#Sipg @?gksif§fg§jhstA;ﬁék"
i hotgcellqarray;geamgtgwaor”additional_pew fonts.. My, -Smith said thie

had been cgnsiﬁgggd,fq;’gn_gétliefbéinglg,snhbéhbt~ﬁachingfﬁhereuéifibet?f

optics, ipsert over the§ar:ay”wa§itp;pé hﬁgdftg;ghangg.itsfgédmetgyfslightly.

/Nct used in the current; nine=font devige, it geeus evident. that if addi-

tional. fonts could be tisnsformed. to similitude with the nime design’ Zonts,
ognized with about the same accuracy./ :

T e

' they, too could. be;re

¥
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Professor. erner sgid it looked as. though composing audible words from

knowledge of their constituent letters is easier in German than 1@,;&31;95.
He asked.if anyone preduces a machine he could, load with German sounds and
key with tapes on a.computer. There. were, several suggéstions from those

present, The unavailable single model of the Mauch word synthesizer was
mentioned along with,Cogni%roﬁ;c§-VSbaechmakgrﬁzunits, and for, less.auto-
matic. operation, the Language liaster card system and just plain tape . . -
énipping: and reassembly. . . - L e |

A section of; the meeting dealing with contribufions from firms currently ..
working”in:pattgrn-and‘ch;raqper.rggqgnktion was scheduled for this point
in the.seesions. Few who said they wou1¢ 9qme'ac;gally;arfived;-;h}s-..1
probably a loss to be .ascribed to the unusually severe weather conditions.

#

.- Mr, David Shepard, one such :ppfeSQQta;iVe,pffih&uS£;y$prgagﬁt,'agreed to

brief the group. He said.machines exist. at the present time which do a
good character recognition job. A machine developed by Philco Corporation
can read thousands of characters per second of upper and lower case type-
written material, perhaps from 50 different fonts conprising about 90% of

all typed material., These pages are read by the machine even if produced
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under ordinary conditions in the field - special high-grade "laboratory"
typing is.not required. Obviously unable to do pricing for Fhilco, Mr.

 ghépard said he -thinks the machine costs about half a iillion dollars.

He has heard of somewhat similar equipment prcduced by Recognition Equip-
men%ﬁcd&papy of Dallas, thouch he has- rot szen this personally. He:then -
mentioned the' firm he started years azo, Intelligent Machines Research,
which Bold machines in 1956, some ofwhich are still’in operatiorial use.
This cﬁmpéhy'was”purchased by Farrington in 1959, and according to &

company brochure they ncw have about 757% of all OCR (optica!“characterl'
recognition) equipment in existemnce to their credit. They have worked
mostly with single-font applications, sometimen with specialized characters.
Mt Shepard sdid these yestrictions were for ‘business reasons alone, and -
not due to“any techhical'difficulties. ‘Some ‘multi-font ordinary-character

machines have béen’ produced by this manufadturer too.

‘Mz, Shepard then’ turned té the many real problems that exist in applying -

céumercial OCR techniques to reading ‘for the blind. Looming large are
p%gblems'ogzdealing‘With varying formats, two columns versus single coluinn
presefitation; headings, pictures, ‘advertisements, etc.' Mr. Shepard says he

.

_ knows of no manufacturer claiming his equipment'w 1l read material mot' .

prepared ih some way " "'cobperatively," with the thought in mind it is to'be
read later by wmachine.* N6 machine known to M¢. Shepard will do well on- -
assorted material just picked up from a desk andfed to the machine.
Emphasis in commercial desiins haé beén on speed, accurady, and yolume, -
characteristics related to making the expensive machines econcmically =
feasible, In response to a question from Mr. Mauch about othetr companies
in the field, M. Shepard mentioned the International Business Machines
Corporation,” with” eighty percent of tlie market,"” the National Cash Register
Company using a special’font of theif own creation, and Radio Corporation
of America which had done a lot.of work in the :field, though Mr. Shepard
does mot know if their equipiént is in use. He said the Rabinow Division
of Control Data Corporation is also very important having announced a page
readet’at sbout $90,000. . o .o

.,
cal

Dr. ﬁ&e inquired about the term cooperative” as employed in character

recognition work, Mr, Shepard said it had to do with prearrangement of
the details of format and type styles of the printing or typing."" Sometimes
it includes requirements on how often typewriter ribbons must be changed,

and thie £requency of maintenance checks cn’ typewriters. The question of
overlapping characters ‘as :produced in some typewriters came up, but Mr.

Shepard wentioned that some machines tan read text where adjacent letters

touch, for example one of the Philco machines, But ‘such machines are * ~

necessarily more complex than these which must deal only with lette¥s

separated by a space.’ The worse the paper quality, thé worse the recog=

. nificn probleis was another remark of Mr. Shepard's. - Mr. Dupress wondered
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about reading the New York Times with 2CR equipment;. and Mr. Shepard said
there was no commercial reason to do tais so no machine has been developed.
Professor Benham asked whether hologram techniques have been applied to
the character recognition field, Mr. Shepard said not to his knowledge
commercially, -aud he did not know how much in the laboratory, “Professor
Lawler reviewed some.work being dome. at the University of Michigan gnd .
said several Jlarge corporations are interested. .Brief mention was.also.
made .of. the laser used in such work, its cost, and the expected rapid .
decline in cost of such upits. _— '
. There was .a .short discussion of costs and economics of automatic reading,.
Mr. Shepard said.the cost of the recognition itself was .pot so.much of a
problem, Mr. Rotkin recalled some studies he had completed about a year .
ago dealing with automatic reading for input to a mechanical translationm .
system. Comparved to human reading and typing out,the cost of the automatic
reading was.almost negligible. -He found that the reading part of am autos
matic translation syste: could be realized at a few cents per page whereas
. the translation costs .a few dollars per page.. Low machine cost§ require
high speed ‘high volume utilization of,the machine. 'Thousands of pages per
day must be handled if ynit costs’ as mentioned above are to obtain. .. Present
day..commercial machines can not. be used economically to prepare material
for a blind user at the rate.the user can accept. They mus: operate many
times. faster producing an output which. could later be. used at a lower rate
compatible with the human's requirements. - - ~ | T
Profegsor Benham said the cost of-thg;rgQ§iné,‘gven;wﬁénfdoﬁe-by,h huhan,
. is not the big cost. in-the operation. The Library of Congress may. spend .
. about $250 to get a novel read onto.magnetic tape and then spends about -
$3000 to distribute two or three hundred copies around the country. Dz,
Murphy . told of one of his professors.who always referred to the “high cost
of saving money.”, Even though current costs. are high Dr. Murphy feels.re-
search expenditures in the reading machine field are justifiaple, particularly
when used in support of research om outputs for the blind, the area not
explored, in any: depth- by commercial interests, H. is quite optimistic that
commercially. developed recognition means,. and computers "resting from their
_other jobs, will one day usefully serve in gystems for, the blind. '

Brother Albert initiated & discussion on appropriate outputs for the. blind
from a machine which has recognized the characters.- Mr. Dupress said an.
easy solution is to use spelled speech though the speed here will be less
chan with ordinary speech. Mr. Rotkin mentioned the limitations with English
for letter-by-letter systems /[he was obviously thinking of the complex .
grapheme~phoneme transform in English and the reputedly simpler ones for-
many other, languages/ apd the better chances with other_ European languages.
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[Your editor clearly remembers first-day statements by instructors of
Spanish, German, French, and Russian who always emphasized, “This
language is spoken’ éxactly as she is written." 1In a few weeks of : study
exceptions in’all these tongues crop up, but it is- agreed English
probably poses the most problems,/ Mr. Hathsway feels that English -

- *-{g more phonetic-than we tend to think, and that spelled speech is a -

system that violates rules of semantics. - *

Dr. Cooper remarkea that if a language vere written phonemically it -
certainly would simplify the problems:of ‘developing an output, but

this would not alone lead ¢one~to an 2asy solution. ‘He continued.saying

one could make a dictionary of English words which were spoken as written,
and there ere many of them, and then make up & messagée only of ‘these -
regular 'words. If one then spoke this message by any' letter-by-letter .
method he would have to put out a series of short syllables, one per lettsr,
The result would not be speech. Speech and lette:s'ﬁfé*diffetent-things;-
Professdor Metfessel said he felt his spelled-speech letter sounds wece "
integrated into speech by their process of generation,’ and that they. did. .
not differ so much from speech. Mr. Rotkin wondered sbout dealing with

two or three letters at a time rather than with ome in an aim to mske use
of letter sequence information of ‘the language. Dr. Cooper:said one K
gight just as well go to words and have the output in plain Englishi .

,‘ "+ XL, USE OF THE TELEPHONE NETWORK ~ =
Mr. Shepard announced publicly for the first time that his company,
Cognitronics Corp., has developed a means ‘which would ‘enable a blind -
person at a remote location to send an image of a page over telephone
lines to a central location, ‘Here it ‘could be read ‘back to him either'
automatically or by a human operator, ' Mr. ‘Shepard srranged to demonstrate
limited versions of both of thése systems’at this session;“the central

facility being at Cognitronics' plant in Briarcliff Manor, N.Y., th¢ other

terminal Béing at this meeting in the Veterans Admigistration Central

Office, Washington, D.C. The system as shown can operate at about 40 wpai,
but with some mddifications should bé capable of 120 'wpm over local lines.
The 'estimated cost’ for each scanner (thie Unit installed dt the igemote"
location) is between $2500 and $7000 with additional chargés for the o
central service. Cognitronics Corp. could make initial deliveries of .
such inits by mid-1966, volume deliveries late in the year, The present
units accept only single sheets, but bound-page readers could' be developed.
Before demonstrating a working model which looked like s more-or-less
conventional rotating cylinder facsimile device, Mr."Shepard showed a8 '
mock-up' cover of an ‘advanced model which looked more like an office copisr.
This cover had controls for initiating opefation, for skipping material .
on the page, and for going back for a repedt. It also had ptovision for~

a visual or tactile indicator to signal if the central facility was ready
to receive a transmission. :
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Mr. Shepard then proceeded -to conduct his demonstration, puvinting out . .
this is-the first time they have operated gver. long-distapce lines, ..

He showedthe- facsimile~drum~scafiner rotating.and said:an;ordinary piece .
of paper with three typed lines was afiixed to the druya. The first, two .. ...
lines wexe numerals.only, these to be automatically read at Briarcliff Manor.
The third line, comprised of typed letters, will be yead by a.staff membey

at Briarcliff Manor who will receive the letter ‘images on the face of a - ...
cathode ray’ tube, First the;sutomatic. numgval-reading phase was success=..’
fully demonstrated. . Those:preseat: he.cd & woice from a. Cognitronics Corp,
"Speechmaker spesk back over.the phone lines the digits.recognized.from = .. .
data, sent in over the limes..-When the gcanndr was on white paper it .,

encoded that fact,. tyansmitted it, end advanced the photosemsitive . ... .;
scanning-head. quite: rapidly, :When'the head 'hit'". type.much more informa-_ '

.- cion had to.be_encoded and transmitted, The head advancc rate was, autos ;" |
matically reduced during such higher informatian-rate intervals. The .
audience could hear.clicks, more frequent during ‘fast-pass over blank.
paper,.less frequent, as the. alphanuieric data.were being sensed and. trans-
mitted, : Mr.  Shepard 3aid. the head adv,anc:e was _“.Q,;,_OOS" per cligk., -

AN O ’ 1 ','_-,'_:‘i NIRRT A Tt . T S AT
A denonstration of. the second mode of "operation yas.then .conducted,. an ..
engineer. at -Briapcliff Manor .correctly reading back; a. line of text he saw

. - ?

on a CRT face, the data for this tube=face image coming in over the lines
from the drum-scanmer in Washington. Mr, Shepard .said the 0.005" resolu-
tion in both directions was quite adequate for the job. He was able -£c
operate faster gnd with befter resolutign than:ordinary facsimile over' -
equivalent bandyidth, Iines, because of hig use of pulse code modulation, .

1ine height of

]
.
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Although' the demongtration equipment here is limited ¥0.8.line ! .
0.1407, this is’ just,an arbitrary valug related, to: a. typewriter font used

“in the expetimental development,  There are, no gevere limitations. on the.

“briefly the pros,and.cons of tie human operator or autetatic recognition,
machine at the, cantrel offide. e d1d hot know how much iuportance ...
_péople .attached to privacy and impéveonal’seyvice, and concluded that ...
perhaps human, read¢rs as well ag wmachines £hould. be .aveilable and at. the-
chOiCé.-'*Q..f‘,‘y‘?e.;':glse.r?:z | v‘ f C ’;’53 -;' IR S AL P
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.size one could assign as the scanning avea.. Mr, Shepard then discussed.

T R AR T SRR . b - SO SRS o, N AN A
Mr, .S'hgﬁ'a;:d}iéhié Gééhil‘f@piés“. Corporation was rg:adyjr to make @ central- .
. of fice telephone-conngcted, veading system available in. the New York avea.
' by Summer 1964 provided there ware on the order of 20.customers. Many, .
questions rempin to be. answered regarding the probable market, price.. = .
_ guitability, apd gcceptability of the home-terminal units essen’silly...

in;rheir present,form. Cognifronics does not look for, profit, £rom such -

a veniyre, byt capnot opérate.at.a loss eithexe . ..o e gt oo ]
o - S s IR T SR S

. .
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My, Mauch inquireéd as to the price of the service to the 20 or more
prospective subscribers in the New York area. Mr. Shepard pointed out -
that costs would depend on whether’ thére were volunteers or paid people
in the central 6f£ic§,‘bheghe;'existiﬁgﬁequipmehtjéqﬁld be used in odd ™"

C e b

hours, or vwhethe

, _ nfgpebiglgeqpipmgn;i@bétigg about $50,000 had to be’
amortized through service charges for ‘this work alore, While Cognitronics'
policy does not;pquit,nggins.Prices*withﬁut a‘w:itgen;spécificatipﬁjf

describing the item, Mg, ihepard said thé home~terminal equipment would

cost. from $2500 to $7000 each, depending on complexity of the unit,”’
‘Brother Albert computed that for a ten year life the ‘terminal equipment’
might cost from $1.,00.to $3.00 a da , @ reasonably inexpensive item he =
felt for,g@jgrsongequﬁgvéuch'sggv'ce.”}relépﬁgne coﬁypqy‘dhgpggsf?ilt S
also be imvolved, Dataphomes of the kind used at ‘this demonstratien

costing $40 a month. Mr. Shepara feels léSQ'expeﬁSiﬁefafﬁangements‘§fé*'

techniéql{y;ﬁeaéibié,fgngthpés pqlhapslﬁréfq:éhtial changes may be pos- ..
sible from -the.telephone companies, historically interested in problems. '
of the comiunications handicapped. Mr. Smith wondered whether picture~’
telephones might mot be in competitioﬁ3with“£he'COgnitrpﬁiéd'planl““Mr;
Shepard .felt not at Rtagqnt,1bq@-péthqpspin,the future as video trans-
missions . over the telephone.system get more and mote ,commonplace.

Messrs. Benham, Mauch, Shepard, and Smith had a brief discission of the
use and costs of various facsimile systems as reading aids for the blind.

B N . . P 4

Dr. Murphy reminded the group that Mr. Sherertz proposed such an idea at
the Second Reading:Machine Conference (1955)., but added that it was never
put into practice L, amyome. . — A

5, S S A

Dr, Murphy éugggstedﬂthe.iqﬁgiguing'pQQSiﬁ;iiﬁiéqnof a te#tjtranqmissiéﬁ.“;
system for use ygtwqen-;ibzﬁpias[andalibrgry;regﬂg;s.: This could cut
down on the time reguired te get adocument from a distant library, and

.t

could ease space problems by pexmitting highly;éﬁéciaﬁiged collections

iniselected}}ibga?igg.atrangéd g0 duplicggiqg}bf,hbld;ﬁgs‘woqgé be un-’
necessary. . ' - L e PR

Ler - . . . .., oo .
£ R e 3 RSP SRR L+ S TS S L
. .

Mr.:Sﬁepééddagqiﬁfprbbééitﬁé a;diéﬁcé}with théggﬁeééiéhﬁas éo:hﬁq im=~_
portant ancaymity is:in a reading. system for.the bliad. No c¢lear de~".

cision was .reached .by the group on this point.. At prasent, Mr, Shepard
' said-sighted volunteers at the central office would, provide the cheapest
system .and could handle. a wide variety Qfgfgrmatgtand pypeistylegﬂ. In"

the. future autopatic systems may become economicaliy competitive,

L34

f

. Daprats. aeaiioned. s existing yssen, perhaps the'only one st thib
time, in Atlanta, Georgia, where a blind pupil can.dial a_'phone. number
to reach a volunteer who will then read the current assignment to the

blind child.
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The discussion then swung back to ome of economics and costs. Professor
Benham considered the $2500 terminal ‘cost ‘plus line charges for opera< o
tion mych too high tu be paid by more than a very few ‘blind persong. =

Competition from volunteer readers or ‘readers paid about $2.00 an hour o
looms Large when considering 'the sutotiatic or sémi-automati¢ systems.,
In reply to & Auestion .'girom Mr, Mauchi, Professor Benham said he ‘would

pay $25.00 t6 $30.00 & month on a trial basis for a “Phorovision” = -

service assuming it wefe available, This would entail holding’up the -
material to be read near the input "camera" in the pexson's home, and
then 1,1,.§tetgi..tn_g to a ,ﬁdijs"tj.'ia‘fgt ‘re,a.de,t_' readit ‘back’ over'jtﬁe;’ "ghone.

Mr. Rogers remaiKed that information about the Cognitronics equipment

and plans should be published“in places whére it would reach a good -

cross-section of ‘the blind populacion, He ‘suggestéd articlés in "The =
N:w Qutlook foi the Blind" and in the "Matilda ‘Ziegler Magazine for the
Blind." Via these two journals, ome “«r professional workers in the
field, the other for blind people in genéral, a thggifstffiéq sampling

of interested people would be reached, U
Professor Benham then tfianked Mr. Shepi/d for’ the' trouble he gnd nis -7
firm had gorie to to put on thé very worthwlhile demonstrations vithessed - - -
by those present, ; ' o , N
XII. RECGMMENDED PROJECTS AND PRIGRITIES = " - '
Theé "chairman then moved on to the-last principal order of business of
the conference, a discussion of what should be done next, and with what
priority, He considered first a study committee to review the work of
Mr. 'Shepard with the aim of determining costs and specifications for a” -
central-office and home-terminals system somewhat like he just described.
Mr. Dupress interjected that we should not consider only a system like -
the Cognitronics', but rathér a system having a variety of inputs and
outputs, pos<ibly having utility olitside the blind community, and perkaps -
being the beneficiary of preferentially low night rates when ugsed in "
servi_e of the blind. He said his reading lag now with a $2.00 per hour
reader often runs, at 10-15 days, @nd ‘an overnight delay-or' so should mot

be serious at all., Profegsor Benham persisted in testing the group's "
opinion as to appointing & study committee, There was no strong cone - -

gensus, for such & committee but the ‘neéd for specifications snd informa-

tion on coéts, capabilities, and'limitations of the system was emphdsized
by Mr. Rogdéfs. Mr, Smith' started a brief discussion when he'said perhaps -
a Visotoner or Mauch recognition machine could compete in the several=
thousand-dollar class with the Cognitronics® plan which might have te¥minals
and central facilities copting as much ?ei: subscriber. - - 7
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Mr. Dupress referred to ‘tiie raiarks wade sgrtiér .in the conference by .

‘Mr. Xorb relating to-tine coupressed speaci, iz .- Dupress :said there -

is no univérsally.satisfactory rate for recordings for blind people.

-Some cén uge-speeded-up materials, but others. require things slowed

velow the -original reading rata. The very elderly often can absorb

more if the’#ate ‘is slowed, Mr. Dupress felt work in compression-and
xpansion should be pursued. JEiitor's note: A conference on this
subject was held October 1S-21, 1966 at the Center for Rate Controlled
Recordings University of-Louisville; Louisville;, Kentucky:40233., A -
proceddings voluiie (45) edited by Dr. Emerson Foulké has since been '
issued.. A riews bulletin V'CRCR Newsletter" contdins current information
ab0utAthé;f£éI&“énd g+ obtainable from the Louisvillé.Center,/

Mr. Frefbetist néted that stme communications people have been pre-
dicting great things for-.video over ‘the: telephone lines; perhaps to. -
become commonplace in 5-10 years, H2 said that a systen such as this,
one used by and developed for the whole community, usable also as an

aid for the blind, ofien turns out to be the very best kind of aid.

Mc, Biepard ‘said video over the telephone was a matter of pulse code -

‘hoculation to improve bandwidth efficiemcy. - S

o4 £, T
l““

Professor Lawler hoted there was ‘a general principle involved in. time=
sharing an expensive central apparatus with many subscribers conneécted .
via the telephone lines. Tais mode of operation is burgeoning in the -
computer field and seems applicable and valid to systems for the blind.
Professor Lawler also recommended work om an improved Visagraph-style
machine to handle mathematical equations and symbols. Mi. Rogers sug=
gested work on Professor Linvill's tactile device as a possible aid to
meet the needs in mathematics and fields using many symbols. Mr. Smith
said perhepes tue Visotactor could serve here, and Mr, Freiberger sug-
gested a process using conventional office copying machines, but with a
special matexial, to produce almost instant tangible relief or rough~
grained copies of ink-print originals.

Raplying to the chairman's question as to when the next meeting in this
series should be heid, Dr. Murphy said, n_ .. when something new is ready
to be shown." Mr. Rogere thouzht communications in the field needed
strengthening during the 2-3 year period before the next meeting. Mr.
Freiberger pointed out he would be preparing minutes of the present
sessions, and that much information appears in the AFB Research Bulletins,
in "The New Cutlook for the Blind," and in the VA "Bulletin of Prosthetics
Rzsearch."” Dr. Murphy also cited some information sources, mentioning
the following referenmce items: (2), (22), (%6), (47), (43), and (49).
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Mr. Apple proposed that: future vork ahould include putting .the Vigotoner
and Visotactor into the hands of an expert. instructor who,-in turr, would
instruct some blind people in the neceasaxy techniques v.. It - is important
that machines be manufactured in sufficient quantity ‘that they be avail-
able, possibly on a lease or loan basis, Mr. Apple stressed the need to
take the devices.out of the laboratories of their developers and to put

them in ordinary surrourdings.: .° S PURPRE STCRE o

. R R C e T O S I S SE R PR
There was:a brief discussion of reading embossed letters such .as those
made by the larger sized "Dymo".tape embosser. Profesgsor Fenham said he
could: read .such raised letters, but mot-without study.. He -thought . he
could read at about 20-25:wpm. When the:question -of reading speed for
facsimile raised letters came up, Mr. Rogers said existing old studies
with Boston Line Type:and Moon Type should:provide much information
without the need «to conduct repeat :experiments.. '~ -~ .. .=

R Y I T T R Rt S VORI R FURE L FT T (PR

ooy o0 o RERL ADJMNT e L e veo
st e e e S PAIRE RS R L RS B R R, Lot
Referring to the lateness of-the hour, Professor Benham, the chairman,
thanked all present for coming -and the.Veterans Administration for making
the meeting possible. Receiving the thanks of the group for serving as
chairman, Professor Benham closed the cenference a few minutes after -
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